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EXECUTIVE  SUMMARY 


The  continuing  high  rate  of  serious  accidents  In  general  aviation,  with  the 
majority  attributed  to  pilot  error,  has  led  the  Federal  Aviation  Administration 
(FAA)  to  conduct  a research  effort  that  may  lead  to  Improvement  in  the  Federal 
Aviation  Regulations  (FAR)  Part  23  standards  for  cockpit  design.  While  It  Is 
recognized  that  the  lack  of  cockpit  standardization  has  not  been  listed  as  a 
cause  of  accidents.  Increased  standardlzatlcn  of  cockpit  systems  can  reduce 
cockpit  workload,  reduce  the  potential  for  habit  Interference  when  transition- 
ing to  another  type  aircraft,  and  provide  for  application  of  the  best  and  most 
error-resistant  designs.  For  example,  a uniform  grouping  of  basic  flight  instru- 
ments has  long  been  advocated  and,  to  a large  extent,  has  become  standard  in 
current  general  aviation  aircraft.  Rules  and  regulations  do  not  require  such 
a standard  arrangement,  and  In  other  design  areas  simplification  and  standard- 
ization are  even  less  advanced. 

With  time,  standards  of  good  engineering  practice  have  evolved  for  cockpit 
systems  and  have  been  Incorporated  In  federal  regulations.  Industry  design 
guidance  documents,  and  other  aircraft  standards  such  as  military  specifica- 
tions (MlLSPEC).  The  Increasing  complexity  of  navigation  and  communication 
equipment  and  the  trend  toward  more  complete  Instrumentation  In  small  aircraft 
make  It  desl''able  to  examine  the  present  state  of  cockpit  standardization  to 
determine  If  stronger  requirements  and  guidance  applicable  specifically  to 
single  and  light  twin-engine  aircraft  are  appropriate  now. 

The  method  followed  In  this  study  was  to  construct  a list  of  cockpit  systems 
and  features,  ask  experienced  pilots  If  any  of  these  areas  or  features  now 
required  increased  standardization,  and  assemble  accident/incident  data 
and  information  on  the  desirability  and  practicality  of  regulatory  action 
in  the  most  critical  areas.  In  addition,  contacts  with  members  of  the  General 
Aviation  Manufac turci o Association  (GAMA),  including  visits  to  major  production 
plrsnts,  provided  Information  on  the  current  status  of  cockpit  designs  and 
standardization  actions  planned  by  tlie  industry. 

The  product  of  this  effort  is  a set  of  recommendations  for  cockpit  standardi- 
zation actions,  Wliethor  the  FAR  23  airworthiness  standards  should  be  modified 
or  whether  greater  standardization  should  be  encouraged  In  other  ways  Is  a 
question  for  other  government  offices  and  elements  of  the  general  aviation 
industry.  This  research  and  development  task  is  concerned  primarily  with 
identifying  the  areas  of  cockpit  design  that  can  reasonably  be  standardized, 
and  developing  the  justifications  to  support  the  recommendations. 

To  better  house  and  protect  the  pilot  and  other  occupants,  the  following 
areas  of  cockpit  design  are  recommended  for  Industry-wide  standardization 
through  ch.anges  In  Federal  Airworthiness  Standards  or  other  design  guidance 
documents,  as  appropriate. 

1.  All  aircraft  should  have  a convenient  and  safe  body  restraint  system 
for  reduction  of  injuries. 
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2.  Adjustable  pilot  seats  must  be  designed  to  preclude  Inadvertent  slippage 
which  could  result  in  loss  of  control  of  the  aircraft. 

3.  Door  latching  mechanisms  and  latching  status  indications  should  be 
more  standard  and  more  positive  in  action. 

To  Increase  the  safety  of  flight,  the  following  areas  of  cockpit  design, 
relating  to  the  man-machine  Interface,  are  proposed  for  standardization. 

1.  Fuel  management  systems  should  be  standardized  as  proposed  by  previous 
studies  and  recommendations  by  GAMA.  Additionally,  the  fuel  tank  selector 
should  be  accessible  to  both  pilots  In  a side-by-side,  dual-control  aircraft. 

2.  Powerplant  controls  should  conform  to  the  standard  plan  of  arrangement, 
actuation,  and  coding  proposed  by  GAMA. 

3.  Basic  flight  instruments  should  be  arranged  in  the  widely  accepted  "T" 
pattern  for  all  general  aviation  aircraft  in  which  sufficient  space  is  available. 

4.  Powerplant  instruments  should  conform  to  a standard  arrangement. 

5.  Instrument  lighting  should  be  required  for  all  aircraft  approved  for 
either  training  or  night  flight.  The  present  FAR  23  exclusion  of  a cabin  dome 
light  as  an  instrument  light  should  also  exclude  a single  floodlight  mounted 
behind  the  pilot, 

6.  For  electrical  protection,  circuit  breakers  should  be  used  wherever  feas- 
ible, and  should  have  a readily  visible  tripped  state.  They  should  be  grouped 
and  located  to  provide  maximum  accessibility  to  the  pilot.  Means  should  be 
provided  to  indicate  immediate,  accurate  Identification. 

These  nine  areas  of  cockpit  design,  listed  above,  have  clear  safety  implications 
and  are  amenable  to  near-term  regulatory  action.  Other  areas  such  as  external 
cockpit  visibility,  arrangement,  dials,  and  tuning  heads  of  navigation  and  com- 
munication oyotcms,  pilot  alerting  ouJ  cockpit  warning  systems,  and  flap  posi- 
tion indicators  and  actuation  mechanisms  are  candidate  design  areas  for  study. 
There  was  substantial  indication  of  standardization  need  in  each  of  these 
areas  in  the  pilot  survey,  and  inspection  of  current  production  aircraft  con- 
firmed a low  degree  of  standardization. 

The  data  collected  In  the  study  indicate  the  need  for  regulatory  standardiza- 
tion in  many  areas  of  cockpit  design.  FAR  23  and  other  documents  relating  to 
cockpit  characteristics  should  be  under  continuing  study  and  review.  Genera* 
aviation  aircraft  are  not  necessarily  becoming  larger  or  more  complex  in  basic 
structure,  but  In  the  cockpit  it  is  undeniable  that  instruments,  controls, 
avionics,  and  warning  indicators  have  proliferated  to  make  the  panel,  over- 
head, and  side  areas  more  crowded  as  well  as  more  demanding  of  pilot 
attention.  Earlier  cockpits  had  fewer  elements;  therefore,  it  was  not  so 
Important  that  each  follow  a standard  pattern  of  design  and  arrangement. 

More  standardization  is  required  today,  and  still  more  will  be  essential 
in  the  future. 
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PURPOSE 


The  purpose  of  this  effort  was  to  determine  those  characteristics  of  general 
aviation  cockpit  design  that  may  reasonably  be  standardized  to  reduce  the 
potential  for  pilot  errors,  accidents,  and  incidents. 

This  report  recommends  nine  near-term  regulatory  and/or  design  practice  actions 
to  achieve  Improved  standardization  and  cockpit  design  features.  These  improve- 
ments may  be  effected  through  changes  in  the  Federal  Aviation  Regulations  (FAR) 
Part  23  (reference  1),  Advisory  Circulars  (AC),  design  handbooks,  or  other 
guidance  documents. 


BACKGROUND 


For  many  years,  airworthiness  standards  have  been  incorporated  in  FAR's,  and 
aircraft  designs  have  evolved  in  compliance  with  a body  of  technical  guidance 
summarized  In  Civil  Air  Manuals  (CAM),  AC's,  Department  of  Defense  (DOD) 
Military  Specifications  (MILSPEC's),  recommended  design  practices,  and  indus- 
try agreements.  Members  of  the  general  aviation  community,  manufacturers, 
training  schools,  pilot  organizations,  publications,  avionics  and  accessory 
suppliers,  and  many  others,  periodically  make  recommendations  to  the  Federal 
Aviation  Administration  (FAA)  and  other  authorities  for  revisions  in  regula- 
tions or  recommended  design  practices.  The  role  of  the  FAA  has  been  to  compile 
accident  and  utilization  data,  to  use  these  data  to  determine  the  needs  for 
regulatory  actions,  and  to  recommend  good  design  practices  where  a safety  issue 
exists.  Also,  the  FAA  requires  tests  to  verify  the  safety  aspects  of  various 
aircraft  features,  systems,  and  maintenance  practices. 

Many  of  the  standards  and  recommendations  relate  to  cockpit  systems.  This 
study  is  limited  to  this  aspect  of  aircraft  design.  The  cockpit  figures 
prominently  in  any  safety  analysis  because  it  is  the  one  aircraft  area  that 
must  meet  the  requirements  of  flight  and  concurrently  provide  for  the. 
requirements  of  the  human  occupants.  Thus,  the  cockpit  has  a dual  role,  it 
provides  the  interface  of  displays  and  controls  required  to  fly  the  aircraft, 
and  it  also  houses,  shelters,  and  protects  the  pilot. 

A review  of  the  needs  for  standardization  of  the  control  Interface  function 
is  appropriate  because  cockpit  displays  are  becoming  Increasingly  complex  and 
diverse,  and  there  is  still  no  uniform  arrangement  and  coding  of  controls, 

The  design  of  the  cockpit  must  meet  the  general  requirement  that  the  pilot 
perform  all  his/her  duties  and  operate  all  the  necessary  controls  in  a safe 
manner  within  his/her  known  perceptual,  reach,  and  strength  limitations.  It 
is  generally  accepted  that  it  is  not  enough  for  the  FAR's  to  delineate  minimum 
design  practices  which  Insure  that  the  pilot  can  see,  read,  interpret,  reach, 
operate,  etc.  Uniform  use  of  .shape,  color,  operating  feedback,  and  other 
coding  and  uniform  arrangement  of  items  la  a safety  goal  b 'cause  the  pilot 
may  go  from  one  aircraft  to  another  and  may  practice  only  rarely  those  skills 
that  .are  essential  in  severe  weather  or  other  extreme  flight  conditions. 
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Providing  for  the  second  requirement,  housing  and  sheltering  the  crew,  the 
cockpit  protects  the  pilot  from  the  external  environment,  provides  shelter  from 
wind,  precipitation,  cold,  noxious  gases,  and  also  gives  the  pilot  a measure 
of  protection  from  the  forces  operating  in  accidents  or  other  unusual  situations. 
far's  cover  all  these  shelter  and  protection  aspects,  and  they  are  particularly 
appropriate  for  study  with  respect  to  crash  survivability  because  of  progress 
made  in  that  area  in  recent  years . There  is  widespread  lack  of  standardization 
in  cockpit  protective  features  such  as  seats,  body  restraints,  panel  delethall- 
zatlon,  exit  doors,  and  door  latching  mechanisms.  All  of  these  have  been 
considered  in  this  study. 

REQUIREMENTS  FOR  STANDARDIZATION. 

This  emphasis  on  Increased  standardization  of  both  the  control  Interface  and 
the  cockpit  protective  features  is  a continuation  of  the  longstanding  effort 
to  increase  safety  in  general  aviation.  An  Instance  of  public  recognition 
of  the  priority  of  this  area  occurred  early  in  the  history  of  the  FAA  in  the 
Bureau  of  Research  and  Development  Requirement  Statement  AflI-1,  "Uniform 
General  Aviation  Cockpit,"  April  18,  1961  (reference  2),  which  recommended 
"Reduction  of  cockpit  workload  by  the  development  of  a uniform  grouping  of 
instruments,  navigation  and  communication  equipment  and  controls,  landing 
gear,  flaps,  engine  and  other  controls,  in  general  aviation  aircraft  capable 
of  instrument  flight,  with  emphasis  on  single-engine  aircraft."  This  state- 
ment clearly  set  goals  for  the  FAA  of  increasing  standardization,  by  "uniform 
grouping,"  and  increasing  safety  with  "reduction  of  cockpit  workload." 

The  National  Transportation  Safety  Board  (NTSB)  also  has  called  for  action 
to  reduce  pilot  error  accidents  in  general  aviation  through  elimination  of 
unsafe  design  features.  The  report,  "Aircraft  Design-Induced  Pilot  Error," 
February  1967  (reference  3),  identified  lack  of  standardization  as  a major 
cause  of  accidents. 

This  subject  was  also  included  in  the  Department  of  Transportation  (DOT) 

"Report  of  the  Secretary's  Task  Force  on  the  FAA  Safety  Mission,"  April  1975 
(reference  4).  Recommendation  number  10  In  that  report  reads:  "FAA  must  under- 
take a major  safety  research  program  to  .assure  that  future  aircraft  designs 
make  optimum  use  of  crew  capabilities,  and  to  ensure  that  future  systems  are 
designed  around  reasonable  criteria  for  human  error." 

At  the  FAA  Aeronautical  Center,  Oklahoma  City,  Oklahoma,  a project  report 
"Cockpit  Standards  for  FAR  23  Airplanes,"  dated  February  1976,  recommended: 
that  the  FAA  work  with  the  aircraft  manufacturers  to  develop  improved  cockpit 
design  standards,  that  minimum  standards  jointly  developed  by  the  FAA  and 
the  manufacturers  be  incorporated  in  FAR  23,  and  that  other  design  standards 
be  published  as  recommended  design  practice,  such  as  Aerospace  Recommended 
Practices  (ARP)  or  Aerospace  Information  Reports  (AIR).  The  project  continued 
the  work  of  the  Society  of  Automotive  Engineers  (SAE)  Committee  on  cockpit 
standards  (SAE  A-23)  who  had  circulated  proposed  standards  for  the  location 
and  actuation  of  aircraft  cockpit  controls  for  general  aviation  aircraft,  but 
that  committee  was  terminated  b'-  the  SAE  before  the  final  standards  were 
drafted.  The  General  Aviation  Manufacturers  Association  appointed  working 


groups  to  continue  development  of  proposed  revisions  to  PAR  23  standards  on 
cockpit  controls,  Including  fuel  valve  selectors.  These  actions  Indicate  that 
the  present  minimal  standardization  in  general  aviation  cockpit  design  and  the 
continued  production  of  general  avlatiou  aircraft  with  cockpit  features  poorly 
engineered  for  human  use  are  recognized  safety  problems.  Despite  this  recog- 
nition, there  Is  considerable  difference  of  opinion  of  the  desirability  of 
making  broad  changes  In  the  FAR's.  Some  think  It  better  to  revise  the  law 
only  where  the  safety  problem  Is  very  clear,  and  encourage  standardization 
by  making  recommendations  that  allow  for  the  wide  variation  in  general  aviation 
aircraft  cost  and  complexity  of  design. 

MEANS  OF  ACHIg/ING  STANDARDIZATION. 

There  are  several  methods  available  to  the  aviation  community  to  communicate 
design  guidance  and  recommended  prawtlces. 

When  the  Intended  means  of  Increasing  standardization  Is  a change  In  federal 
regulations  with  the  force  of  law,  the  formal  procedure  begins  with  publica- 
tion of  a Notice  of  Proposed  Rulemaking  (NPRM)  preceded  occasionally  by  an 
Advance  Notice  (ANPRM) . A period  of  time  is  stipulated  for  comments  and 
responses  from  interested  organizations  representing  pilots,  aircraft  manu- 
facturers, avionics  suppliers,  and  other  groups  and  Individuals,  On  occasion, 
no  objections  or  suggested  revision  to  the  proposed  rule  are  Included  In  the 
comments,  and  favorable  reactions  are  predominant.  In  such  a case,  the  propo- 
sal would  be  accepted  as  adequate  and  timely,  and  would  become  a revision 
to  the  PAR.  In  other  instances,  the  responses  and  comments  on  an  NPRM  may  be 
more  variable  and  may  Indicate  that  the  regulatory  action  contemplated  Is  not 
acceptable  to  one  or  another  segment  of  the  general  aviation  community.  This 
consultation  process  may  result  in  modification  of  the  proposed  rule  and  resub- 
misslon  to  the  community  for  comment.  Alternatively,  the  rule  may  be  modified 
to  comply  with  suggested  changes,  or  Its  Implementation  may  be  delayed  until 
more  infori.iM r—  nr  rest  data  Is  accumulated,  or  the  rule  may  be  withdrawn 
from  consld'-ratlon  as  ancimely  or  unsatisfactory.  In  a few  Instances,  an  NPRM 
has  been  withdrawn  after  consultation,  but  the  ultimate  result  in  the  aviation 
community  has  been  substantial  compliance  anyway  with  all  or  part  of  the  rule. 
An  example  of  this  outcome  is  found  in  NPRM  73-1  requiring  the  installation 
auil  use  by  tlie  pilot  of  upper  torso  restraints.  The  proposed  rule  was  par- 
tially adopted,  as  will  be  discussed  later,  but  the  mass-produced  general 
aviation  aircraft  examined  recently  have  been  equipped  with  this  safety  aid. 

Another  route  to  increased  standardization  is  the  voluntary  actions  of  GAMA 
in  adopting  industry  standards.  In  some  Instonces,  voluntary  agreements  to 
standardize  the  use  of  well  designed  systems  may  follow  the  guidelines  set 
forth  by  an  engineering  group  such  as  a committee  of  the  SAE,  which  has  a 
history  of  promoting  standardization  and  improved  design  practice.  Given 
a study  or  report  concluding  that  standardization  is  practical  and  desirable 
In  an  area  such  as  the  'ontent  and  format  of  aircraft  owner's  manuale  or  the 
design  of  aircraft  fuel  management  systems,  GAMA  may  appoint  an  ad  hoc  commit- 
tee of  engineering  and  production  experts  who  may  then  draft  a proposal  for 
review  by  the  general  aviation  community  and  the  FAA.  Roughly  paralleling  the 


procedure  followed  by  the  FAA  In  processing  an  NFRM,  the  GAMA  standardization 
proposal  may  be  adopted  as  drafted,  delayed,  or  modified  to  Incorporate  changes. 
In  cases  directly  Involving  safety,  such  as  Che  fuel  management  standardization 
proposal,  GAMA  may  elect  to  suggest  to  the  FAA  that  the  Industry  agreement 
be  Incorporated  In  the  FAR's,  thus  assuring  that  all  elements  of  the  Industry 
will  comply.  In  other  cases,  the  GAMA  agreement  may  be  entirely  voluntary 
with  the  provision  for  alternate  designs  In  the  case  of  special  purpose  or 
unconventional  aircraft. 

In  addition  to  the  FAR  change  and  GAMA  advisory,  there  are  various  other  means 
of  promoting  standardization  In  general  aviation.  These  Include  National 
Airworthiness  Standards  (NAS),  Technical  Standard  Order  (TSO)  Authorizations, 
Airworthiness  Directives  (AD) , Advisory  Circulars  (AC) , the  aforementioned 
SAE  products,  ARP  and  AIR,  and  Aeronautical  Standards  (AS).  As  a rule,  the 
SAE  documents  bear  a label  advising  that  their  use  Is  voluntary.  Design  prac- 
tices recommended  by  SAE  may  become  Industry  standards,  and  on  occasion  some 
or  all  elements  of  an  SAE  ARP  or  AS  may  be  Incorporated  In  a FAR. 

SAFETY  PRINCIPLES  RELATED  TO  STANDARDIZATION. 

The  relationship  between  aircraft  standardization  and  flight  safety  Is  not  one 
of  simple  cause  and  effect  and  should  In  no  way  suggest  that  aircraft  certif- 
icated under  present  rules  are  deficient  in  safety,  or  that  increased  standar- 
dization Is  itself  a panacea.  Instead,  the  safety  significance  of  standardi- 
zation should  be  assessed  In  relation  to  two  principles  of  accident  causation 
and  description. 

First,  It  Is  widely  agreed  that  most  accidents  result  from  a combination  of 
circumstances,  not  entirely  from  pilot  error,  aircraft  defect,  or  environmental 
stress.  Most  often,  the  fully  Illuminated  accident  Is  the  end  result  of  a 
pllot-alrcraft-envlronment  causal  chain.  Recognition  of  this  causal  chain 
implies,  however,  that  the  typical  accident  can  be  averted  by  an  improvement 
in  any  part  of  the  sequence.  Increased  pilot  proficiency,  greater  safety 
margins  In  the  aircraft,  or  less  adverse  weather  might,  in  a given  case,  break 
the  chain, 

A typical  accident  causal  chain  might  start  with  a pilot  who  Is  under  time 
pressure  and  therefore  abbreviates  flight  planning.  A correctable  defect  In 
the  aircraft,  such  as  Improper  distribution  of  load  causing  Inadequate 
stability,  may  be  missed  by  the  hurried  pilot.  Completing  the  causal  chain 
may  be  an  unexpected  deterioration  in  the  weather  forcing  the  pilot  to  fly 
in  an  unfavorable  environment.  This  sequence  might  result  In  an  accident, 
given  a particular  proficiency  level  for  the  pilot,  a particular  set  of  air- 
craft dynamics,  and  specific  environmental  stresses.  A more  proficient  pilot 
might  have  controlled  the  unstable  aircraft  despite  the  weather,  while  for  an 
aircraft  with  greater  safety  margins,  even  so  minor  an  Item  as  a better 
placard  on  load  distribution  could  h.ni^e  helped  the  less  proficient  pilot  to 
complete  the  flight  successfully  in  the  severe  environment.  And  finally,  with 
improvement  in  the  weather,  the  pilot  and  aircraft  combination  might  have 
succeeded.  Hence,  improvement  in  safety  can  follow  from  improvement  In  the 
pilot  factor,  the  aircraft  factor,  or  the  environment.  All  are  significant, 
and  hence  capable  of  improvement,  .ilthough  each  alone  Is  not  necessarily  and 
inherently  uns.ifc. 
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The  second  principle  relating  to  aircraft  accidents  is  that  Investigation  does 
not  usually  yield  the  full  description  of  the  causal  chain.  It  Is  not  possible 
to  state  the  exact  percentage  of  accidents  and  therefore  the  potential  extent 
of  safety  improvement  to  be  sought,  attributable  to  pilot  factors,  aircraft 
factors,  or  environment.  Many  accidents  result  in  destruction  of  clues  to 
causation.  Ilhren  full  preservation  of  pilot  and  damaged  aircraft  dues  not  Insure 
that  the  specific  sequence  of  cause  and  effect,  secondary  cause  resulting  from 
that  Initial  effect,  and  consequent  secondary  effect,  and  final  culmination 
can  be  reconstructed.  Forhaps  a personal  problem  caused  the  time  stress  effect 
on  the  pilot  at  the  outset.  This  may  not  appear  In  even  a very  careful  Inves- 
tigation. Perhaps  the  critical  cause  of  the  defect  In  flight  planning  was  the 
sort  of  subtle  factor  mentioned  previously,  a poorly  placed  placard.  In  suc.i 
a case,  It  Is  possible  that  the  pilot  himself  would  not  be  aware  of  the  opera- 
tive "aircraft”  factor.  Finally,  the  weather  or  other  environmental  stresses 
are  seldom  capable  of  exact  reconstruction  from  records  available  after  an 
accident.  Thr  wind,  windshear,  and  turbulence  conditions  that  affected  the 
airplane  may  not  have  been  recordable  at  any  reasonably  close  weather  station. 
The  Investigation  cannot  then,  detail  the  aerodynamic  forces  that  actually 
Impinged  on  the  aircraft. 

these  principles  of  accident  causation  and  description  suggest  that  Increased 
cockpit  standardization  can  be  justified  if  it  can  be  demonstrated  that  the 
lack  of  standardization  or  the  use  of  designs  that  are  known  to  be  Inferior 
Is  a contributing  cause  of  accidents.  It  Is  not  necessary  to  prove  that  the 
particular  Instance  of  lack  of  standardization  was  the  sole  or  even  the  culmi- 
nating cause  of  the  accident.  Total  system  safety  would  be  advanced  If 
increased  cockpit  standardization  reduced  the  probability  that  some  level 
of  pilot  factors  would  interact  with  aircraft  factors  to  sustain  an  accident 
causal  chain.  Similarly,  it  will  never  be  established  statistically  that  any 
given  number  of  injuries  v'ould  have  been  prevented  if  all  cockpits  had  been 
equipped  with  some  particular  protective  feature.  This  is  because,  in  the 
real  world,  It  Is  not  sensible  to  conduct  a comparative  experiment  with  real 
pilots.  We  do  not  equip  half  the  fleet  with  a protective  feature,  deny  that 
feature  to  the  other  half,  and  compare  the  number  of  injuries.  Instead,  pro- 
tective features  such  as  body  restraints  are  Introduced  In  variable  forms  over 
a period  of  time.  We  may  be  able  to  infer  from  individual  accident  analyses, 
and  from  controlled  experiments  with  synthetic  accidents,  that  a substantial 
safety  advantage  is  achieved  by  use  of  the  protective  system  In  question, 
but  we  cannot  actually  count  lives  saved  or  accidents  and  Injuries  prevented. 

A postulation  that  safety  requires  a specific  standardization  action  should 
never  be  an  absolute  statement.  Knowledge  accrued  from  experience  with  dif- 
ferent usages  In  aircraft  other  than  those  covered  by  FAR  23,  knowledge  from 
various  types  of  surveys  and  experiments  that  do  not  exactly  duplicate  the 
aircraft  operational  environment,  and  assumptions  based  on  the  logic  of  causal 
sequences  that  are  produced  by  accident  analysis  should  all  play  a part. 

Underlying  this  study,  then,  is  recognition  that  the  cause  influencing  the 
pilot  leads  to  an  effect,  that  this  effect  may  become  a cause  in  the  pilot- 
aircraft  Interaction,  and  that  many  accidents  result  from  a further  linkage 
of  that  interaction  with  environmental  stress.  Since  this  is  the  true  genesis 
of  most  accidents,  there  are  several  possible  approaches  to  Increased  flight 
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safety.  Very  Important  among  these  approaches  will  always  be  the  standards 
of  pilot  training  and  proficiency.  But  better  trained  and  more  current  pilots 
are  a complement  to  and  not  a replacement  for  Improvement  in  the  aircraft 
factor. 

This  study  attempts  to  break  the  pllot-alrcraft-envlronment  causal  chain  at 
the  point  that  the  pilot  effect  is  active  In  the  cockpit.  Examination  of  the 
stages  of  pilot-aircraft  Interaction  in  the  cockpit  may  suggest  a rational 
approach.  Figure  1 illustrates  a typical  human  factors  loop  of  pilot  Informa- 
tion processing. 


The  pilot  is  engaged  in  the  perception  of  information  about  his/her  aircraft 
state,  dynamics,  and  the  environment.  In  order  to  take  appropriate  corrci:tlve 
action  he/she  must  perceive  and  correctly  comprehend  a danger  signal  among  less 
significant  aircraft  and  environment  information.  The  pilot  may  not  sense  the 
signal  if  it  is  not  part  of  his/her  audio  or  video  field  of  recognition*  or  if 
It  is  otherwise  blocked.  Or  he/she  may  perceive  the  signal  but  fall  to  com- 
prehend its  full  meaning  or  critical  significance.  This  failure  could  occur 
because  the  signals'  strength  or  clarity  does  not  facilitate  discrimination 
from  the  general  cockpit  noise  context  or  because  the  number  and  complexity 
of  cockpit  displays  and  tasks  does  not  allow  sufficient  time  for  assessment 
of  the  relative  significance  of  the  symbol.  Decision  is  the  information  pro- 
cessing phase  In  which  the  pilot  selects  from  a repertory  of  alternatives 
the  particular  action  that  is  appropriate.  A danger  signal  may  be  perceived 
and  its  Importance  may  be  comprehended*  but  the  correct  action  may  not  be 
elected.  Finally,  a failure  may  occur  when  the  pilot  implements  the  selected 
action.  The  physical  action  Itself  may  be  poorly  coordinated  or  Incorrectly 
performed. 
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Lach  of  Che  four  areas  of  pilot  Information  processing  In  the  cockpit,  percep- 
tion. comprehension,  decision,  and  action  can  be  affected  by  the  design  and 
operation  of  cockpit  systems.  Standard  instruments,  long  familiar  to  the  pilot, 
and  standard  usage  of  coded  knobs  and  dials  will  Increase  the  probability  of 
perception.  Signals  arranged  in  a customary  array  and  received  without  excess 
competing  demands  for  pilot  attention  will  be  more  easily  comprehended.  Errors 
in  decision-making  may  stem  from  cockpit  systems  that  are  more  complex  or 
attention-demanding  than  is  necessary.  A fuel  starvation  signal,  a sputtering 
or  dying  englr. is  quite  commanding  and  unequivocal.  And  with  a fuel  system 
that  does  not  clearly  Indicate  the  quantity  of  fuel  remaining  In  each  tank  or 
which  tank  Is  presently  on  line,  an  Information  processing  failure  consisting 
of  an  Incorrect  decision  Is  likely.  Finally,  an  action  selection  failure 
may  be  promoted  by  cockpit  arrangements  that  facilitate  pilot  confusion  of  one 
control  with  another,  so  that  the  pilot  who  intends  to  do  one  thing  actually 
does  something  else.  Standard  arrangements  and  logic  of  actuation  are  clearly 
means  of  reducing  action  errors. 

The  preceding  dlecusslon  of  principles  of  safety  makes  a case  for  the  safety 
enhancement  that  can  be  obtained  by  Increasing  standardization  in  the  cockpit. 

It  Is  recognized  that  this  is  not  the  only  way  to  reduce  accidents.  Improved 
levels  of  pilot  proficiency  and  currency,  plus  the  avoidance  of  flight  in 
hazardous  environments  are  complementary,  and  statistically  are  more  produc- 
tive means  of  improving  safety. 

The  particular  attraction  of  attacking  the  accident  problem  at  the  level  of 
cockpit  standardization  is  twofold.  First,  the  standard  use  of  well  designed 
and  human  engineered  cockpit  systems  may  not  cost  any  appreciable  sum  In  the 
long  run.  A good  fuel  selector  system  Is  not  necessarily  more  costly  than 
a poorly  designed  one.  Second,  safety  Increments  obtained  by  Increasing  stand- 
ardization of  cockpit  systems  would  add  to  the  ease  and  convenience  of  pilotage, 
whether  in  the  training  phase  or  in  later  experience.  Any  increment  of  safety 
that  can  be  obtained  by  using  well  designed  systems  rather  than  poor  systems 
and  that  results  from  standard,  convenient,  and  easy-to-use  cockpit  systems 
rather  than  variable,  demanding,  and  hard-to-use  systems  would  be  worthwhile, 
even  though  not  a panacea. 

GOOD  DF.STGN  PRINCIPLES. 

Standardization  by  itself  is  very  important  In  any  complex  task  where  perform- 
ance is  based  on  past  training  and  experience  with  similar  or  analogous  systems. 
An  everyday  example  is  found  In  the  typewriter  keyboard.  Even  a beginning 
student  of  touch  typing  can  determine  that  the  layout  is  far  from  optimum. 

It  does  not  spread  the  workload  equitably  among  the  fingers,  but  standardiza- 
tion is  of  such  overwhelming  Importance  in  typing  that  we  retain  the  traditional 
layout.  The  cockpit  of  an  airplane  presents  both  traditional  tasks  for  which 
there  are  well  established  population  stereotypes,  utilizing  reliable  habits, 
and  also  novel  displays  and  controls  that  have  been  created  specifically  for 
individual  aircraft  types.  For  each  of  these,  the  old  and  the  new,  there 
are  generally  accepted  rules  of  human  engineering  that  tend  to  insure  that 
the  system  is  easy  to  learn  and  use,  is  resistant  to  serious  error,  and  recog- 
nizes the  special  information  processing  capacities  and  frailties  of  human 
pilots. 
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When  selecting  a cockpit  system  for  an  "old”  or  traditional  task,  the  paramount 
considerations  are: 

1.  Anthropometric  compatibility  should  be  assured.  The  size,  reach,  and 
strength  of  the  prospective  pilots  must  be  considered. 

2.  Unequivocal  Indicators  and  feedback  must  be  used.  The  pointer  end  of  a 
selector  handle  must  be  clearly  identified,  for  example,  and  the  status 
Information  required  to  continue  a closed-loop  control  system  must  not  be 
masked . 

3.  All  systems  must  follow  population  stereotypes  as  to  logic  of  actuation, 
direction  of  Increase,  and  "natural"  relations  such  as  turn  left  to  select  the 
left. 


4.  Positive  detents  or  other  provisions  to  bar  Inadvertent  actuation  must  be 
provided  on  all  controls  which,  If  misused,  can  create  a hazardous  condition. 

5.  Provision  should  be  made  for  testing  the  status  of  systems,  and  indicators 
should  have  a clearly  Identifiable  failed  state. 

6.  Standardization  should  cover,  where  appropriate,  the  location,  size, 
color  coding,  shape,  labeling,  feel,  logic,  and  arrangement  In  relation  to 
related  systems  of  all  Important  devices  and  systems. 

In  the  case  of  a novel  aircraft  system  without  a common  analogy  In  the  experi- 
ence of  most  Inexperienced  pilots,  a set  of  general  design  objectives  ace! 

1.  The  design  should  be  based  on  a human  factors  study  of  the  purpose  of  the 
device  and  how  the  pilot  will  use  it. 

2.  Information  processing  sequences  should  be  considered  so  that  there  is 
maximum  distinctiveness  and  separation  of  confusable  and/or  Incompatible 
systems. 

3.  Simplicity  of  display  and  action  should  be  sought,  recognizing  that  the 
system  may  have  to  be  used  in  excess  workload  or  "panic"  situations. 

4.  The  perceptual  capability  of  the  human  In  recognizing  patterns  of 
Information  should  be  considered  in  display  design. 

5.  The  response  limitations  of  the  human  should  be  considered  In  design 
so  that  the  pilot  Is  not  required  to  perform  difficult  and  demanding 
coordinations. 

6.  Planning  aids  and  feedback  from  response  should  be  Included. 

As  In  the  example  of  the  typewriter  keyboard.  It  Is  possible  to  detect  an 
occasional  conflict  between  good  design  and  capitalization  on  the  benefits 
of  standardization.  Some  aircraft  systems  have  evolved  and  become  nearly 
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standard  without  necessarily  Incorporating  an  optimum  application  of  all  the 
design  guidelines  that  have  been  mentioned.  Hence,  the  concept  of  good  human 
engineering  of  cockpit  systems  cannot  be  treated  as  absolute  any  more  than 
can  standardization  Itself  be  elevated  to  that  status.  Guiding  concepts  of 
design  are  Just  that,  guidance,  not  law.  Likewise,  total  standardization 
of  cockpit  systems  could  be  accomplished  only  at  the  sacrifice  of  the  wide 
variety  of  aircraft  types  and  uses,  a sacrifice  that  would  be  as  useless  as 
seeking  safety  by  grounding  all  aircraft  In  anything  other  than  perfect 
weather.  What  must  be  done  in  the  evolution  of  better  regulations  and  detlgn 
practices  Is  to  balance  the  demands  of  optimum  human  engineering  design  and 
the  benefits  of  standardization  with  a keen  appreciation  of  what  Is  feasible, 
practical,  and  cost  effective. 


APPROACH 


This  project  was  conducted  by  FAA's  National  Aviation  Facilities  Experimental 
Center  (NAFEC)  engineers,  human  factors  and  flying  specialists  working  with 
elements  of  the  general  aviation  community,  particularly  flying  schools, 
aviation-oriented  universities,  and  the  major  manufacturers  of  FAR  23  airplanes. 

Early  efforts  in  the  project  were  directed  at  the  Identification  of  those 
cockpit  design  areas  most  In  need  of  better  standardization,  but  yet  satis- 
fying practicality  considerations. 

The  remainder  of  the  effort  consisted  of  the  collection  and  analysis  of  data 
which  would  Justify  regulatory  or  design  practice  action  to  achieve  improved 
standardization  in  the  areas  identified. 

IDENTIFICATION  OF  NONSTANDARD  COCKPIT  AREAS. 

Following  a background  study  consisting  of  a regulatory  and  literature  review, 
a survey  of  current  cockpits,  and  interviews  with  GAMA  officials  and  consultants, 
the  broad  subject  of  cockpit  design  was  divided  Into  12  areas: 

(1)  Cockpit  General,  (2)  Flight  Controls,  (3)  Powerplant  Controls,  (A)  Fuel 
Management  System,  (5)  Flight  Instruments,  (6)  Engine  Instruments,  (7)  Navi- 
gation and  Communication  System,  (8)  Landing  Gear,  (9)  Electrical  System, 

(10)  Cockpit  Lighting  Systems,  (11)  Emergency  Systems,  and  (12)  Miscellaneous. 

The  detailed  list  of  features  is  shown  In  table  A-1  of  appendix  A.  For  example, 
the  Cockpit  Central  area  was  subdivided  Into:  Dimensional  Criteria,  Seat  Belts 
and  Restralntn,  Windscreen  Visibility,  Ventilation  and  Environment,  Doors-Access, 
Noise,  Placards-Marklng-Manual , and  Heater-Defrost  Control.  This  subdivision 
produced  101  design  features.  The  Initial  factors  for  evaluation  fell  Into  four 
areas:  Anthropometric  Factors  such  as  location,  accessibility,  and  size;  Visual 
Factors  such  as  visibility,  readability,  and  color  coding;  Population  Stereotype 
Factors  such  as  logic  of  operation  and  confusion  factors;  and  Operating  Feedback 
Factors  such  as  ease  of  operation,  shape,  and  feel.  A subject  Interview  briefing 
and  a data  collection  form  were  developed. 
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Data  were  collected  during  visits  to  three  large  flying  schools  and  four  major 
universities  and  In  Interviews  with  82  pilots,  all  active  In  general  aviation 
and  ranging  In  experience  from  advanced  student  to  highly  qualified  Instructor. 
This  data  collection  phase  Identified  those  cockpit  design  features  In  current 
model  general  aviation  aircraft  that  either  were  not  standardized  to  the  degree 
thought  optimum  by  experienced  pilots  or  had  the  potential  to  Induce  pilot 
errors.  An  Illustration  of  the  first  type  of  feature  drawn  from  the  area 
of  powerplant  controls  is  carburetor  heat.  Many  pilots  stated  that  the  carbur- 
etor heat  control  should  be  standard  across  different  aircraft  models.  Among 
the  factors  said  to  be  deficient  In  standardization  were;  (a)  the  location  of 
the  carburetor  heat  control,  an  anthropometric  factor,  (b)  variability  In 
color  coding,  a visual  factor,  (c)  variable  logic  of  operation  (up-down,  push- 
pull,  etc.),  a population  stereotype  factor,  and  (d)  shape  and  feel  variations, 
an  operating  feedback  factor.  Hence,  carburetor  heat  controls  were  said  to 
fall  of  reasonable  standardization  on  all  classes  of  factors. 

The  seat  latching  mechanism  Is  an  Illustration  of  a cockpit  feature  Identified 
by  the  pilots  as  sometimes  poorly  designed  and  providing  the  potential  for  pilot 
error.  This  feature  was  noted  by  a number  of  pilots  who  said  that  when  an 
aircraft  was  rotated  on  takeoff,  the  seat  might  slip  aft  causing  the  pilot 
to  mishandle  the  control  yoke.  This  could  happen,  the  pilots  said,  because 
It  was  difficult  to  ensure  that  the  seat  adjusting  mechanism  was  latched  In 
a positive  detent.  , If  between  locked  positions,  it  could  slip  to  the  full 
aft  position  on  rotation  of  the  aircraft.  To  prevent  such  an  incident,  experi- 
enced pilots  make  it  a practice  to  push  against  the  seat  before  applying  take- 
off power,  Subjects  said  this  should  not  be  necessary  and  that  potential 
accidents  could  be  avoided  If  it  were  a requirement  that  the  seat  adjusting 
mechanism  be  designed  to  snap  automatically  Into  the  next  detent  If  Inadvert- 
ently left  In  an  Intermediate,  unlocked  position. 

To  acquire  additional  data,  the  project  team  visited  the  factories  of 
several  GAMA  members.  The  cockpits  of  current  production  models  were  examined 
and  compared,  and  engineers  explained  the  differences  between  models.  In  some 
instances  the  engineers  explained  why  the  particular  cockpit  systems  could  not 
be  standardized,  or  what  the  costs  would  be  to  attain  greater  standardization. 
This  Information  was  combined  with  the  pilot  survey  data. 

The  tabulated  results  of  pilot  and  Instructor  interviews  are  presented  In 
table  A-2  of  appendix  A.  In  this  table,  the  comments  and  suggested  cockpit 
features  needing  standardization  are  arranged  In  descending  order  of  frequency 
of  criticism.  For  example,  the  greatest  agreement  that  Increased  standardiza- 
tion was  warranted  was  for  the  first  Item,  fuel  selectors,  with  59  of  the 
82  contributors  citing  some  aspect  of  that  feature.  In  contrast,  only  one 
comment  was  received  on  the  need  for  standardization  of  the  next-to-last  Item, 
the  outside  air  temperature  (OAT)  indicator. 

The  Items  listed  In  table  A-2  of  appendix  A are  numerous  and  diverse.  Consid- 
eration was  limited  to  thoac  Items  selected  by  50  percent  or  more.  This 
reduced  the  list  to  25  features,  each  with  at  least  41  lomments. 
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A further  filtering  based  on  the  primary  criterion,  safety,  and  practicality 
considerations  resulted  in  the  final  list  of  nine  cockpit  features: 

1.  Seats  and  Restraints 

2.  Seat  Latches 

3.  Door  Handle,  Latches,  Locks 

4 . Fuel  Management 

5.  Powerplant  Controls 

6.  Flight  Instruments 

7.  Powerplant  Inatrutrents 

d.  Instrument  Lighting 

9.  Circuit  Protective  Devices 

Table  A-3  of  appendix  A further  subdivides  the  nine  selected  areas  of  cockpit 
design  into  the  specific  features  cited  by  the  pilots  as  requiring  standardi- 
zation, and  shows  the  number  of  citations  for  each  feature. 

ANALYSTS  OF  SFLECTED  COCKPIT  FEATURES. 

The  project  team  conducted  a detailed  review  of  the  literature  applicable  to 
design  features  of  general  aviation  aircraft  cockpits.  For  example,  tests 
and  studies  conducted  by  FAA  laboratories  at  the  Aeronautical  Center  in 
Oklahoma  City  and  at  MAFFC  showed  the  safety  benefits  from  greater  use  of  upper 
torso  restraints  (references  7 and  8).  Standardization  documents  applicable 
to  aircraft  classes  other  than  FAR  23  aircraft  provided  information  on  available 
designs  for  safety  harnesses  that  have  been  accepted  in  practice  (reference  9). 
Civil  aviation  accident  summaries  were  reviewed  to  identify  accident  causal 
factors.  Analyses  were  made  of  the  NTSB  data  bank  in  Washington,  and  several 
hundred  selected  reports  of  accident  investigations  were  studied. 

The  latter  phase  of  the  project  concentrated  on  the  nine  seJ.ected  areas  of 
cockpit  design  and  Involved  the  collection  and  analysis  of  data  that  might 
Justify  Che  requirements  for  increased  standardization  and  indicate  the  answers 
to  problem  areas  where  such  design  information  is  available.  The  effort  was 
specific  but  covered  a diversity  of  Information  sources.  Technical  reports, 
standardization  documents,  scientific  Journals,  military  specifications,  human 
engineering  guides  and  other  documents  were  reviewed.  The  study  of  accident 
investigation  reports  was  redirected;  accidents  that  had  occurred  in  calendar 
years  1969  through  1974  were  tabulated,  to  the  extent  possible,  with  causal 
factors  aligned  with  the  nine  design  areas. 

Pilot  error  accidents  were  drawn  from  the  NTSB  files  and  reviewed  to  determine 
If  lack  of  Btandarlratlon  In  cockpit  design  was  a significant  contributory 
factor.  Reports  of  accidents  In  which  the  pilot  survived  often  contain  a 
statement  by  the  pilot.  In  uome  cases  these  first-hand  analyses  provided 
Information  relative  to  the  lack  of  standardization.  In  other  cases  It  was 
not  possible  to  retrace  the  sequence  of  events.  A combination  of  factors 
was  often  present  such  that  a review  of  the  events  made  it  clear  that  stress 
and  excess  workload  were  present,  and  that  weather  and  system  malfunctions 
may  have  added  to  the  problems  of  the  pilot.  Hence,  the  study  of  the  accident 
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dockets  was  often  valuable  In  giving  insight  into  what  could  happen  in  a stress 
situation  rather  than  pinpointing  exactly  what  did  happen*  Since  it  is  not 
always  feasible  to  pinpoint  the  exact  cockpit  factor  precipitating  an  accident, 
a statistical  tabulation  by  Individual  cockpit  features  is  not  always  practical. 
However,  illustrative  accident  sequences  may  be  obtained,  and  if  it  is  clear 
that  a particular  thing  went  wrony.  once,  it  is  reasonable  to  infer  that  some- 
thing similar  could  happen  on  other  occasions,  although  no  massive  number 
of  accidents  can  be  assigned  to  that  specific  factor.  Because  of  these  con- 
siderations, in  later  sections  of  this  report  accidents  will  sometimes  be  dis- 
cussed as  illustrations,  rather  than  as  statistical  evidence  for  the  importance 
of  particular  factors. 

REPORT  FORMAT. 


This  report  is  organized  into  individual  sections  which  treat  the  nine  identi- 
fied areas  of  cockpit  design.  The  first  three  sections  cover  cockpit  design 
areas  within  the  category  of  cockpit  functions  that  involve  housing,  sheltering, 
and  protecting  the  pilot:  seats  and  restraints,  seat  latches,  and  door  mecha- 
nisms. The  next  six  sections  cover  the  design  areas  which  Involve  the  man- 
machine  interface  provided  to  support  flight  control:  fuel  management,  power- 
plant  controls,  flight  instruments,  powerplant  instruments,  instrument  lighting, 
and  circuit  protective  devices. 

Arrangement  of  the  material  in  each  of  these  nine  sections  allows  the  reader 
to  study  the  individual  section  apart  from  the  full  report.  Recommendations 
for  each  of  the  nine  areas  however,  are  combined  and  briefly  discussed  in 
the  "SUMMARY  OF  RESULTS"  chapter. 


SEATS  AND  BERTHS 


THE  PROBLEM. 


In  a study  of  more  than  900  general  aviation  accidents,  over  50  percent  of 
the  aircraft  involved  had  cabin  structures  which  remained  Intact  or  suffered 
only  minor  distortions.  However,  in  these  "survlvable"  accidents  more  than 
25  percent  of  the  occupants  sustained  fatal  or  serious  Injuries  (reference  10). 
The  fatalities  and  serious  injuries  were  caused  primarily  by  head  and/or  face 
impact  with  the  instrument  panel,  aircraft  controls,  or  parts  of  the  cabin 
Interior  when  occupants  were  restrained  only  by  the  standard  lap  seat  belt. 

The  second  most  frequent  body  injury  Involved  spine/neck  injuries  brought 
about  by  the  compression  load  imposed  on  these  areas  when  occupants  were  sub- 
jected to  forward  or  lateral  forces  occurring  in  the  crash. 

REGULATORY  HISTORY. 


Newly  manufactured  general  aviation  aircraft  are  factory  equipped  with  standard 
lap  seat  belts  for  forward  facing  seats;  the  majority  have  some  type  of  upper 
body  restraint,  generally  a separate  diagonal  across-the-chest  belt  for  the 
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front  seats.  In  other  aircraft  this  equipment  generally  la  optional.  The 
upper  torso  restraint  (shoulder  harness)  was  not  a mandatory  requirement  under 
previous  FAR  23.785(g)  2 and  3.  That  regulation  allowed,  as  an  alternative 
to  the  seat  belt-upper  torso  restraint,  either  a seat  belt  plus  the  elimination 
of  injurious  objects  within  the  striking  radius  of  the  head,  or  a seat  belt 
plus  an  energy-absorbing  rest. 

The  problem  of  head  protection  in  this  class  of  aircraft  was  addressed  spe- 
cifically by  Amendment  23-7  "Small  Airplane  Type  Certification  Requirements" 
which  added  subparagraph  g to  FAR  23.785,  effective  September  14,  1969.  But 
Che  amended  regulation  applied  only  to  applications  for  type  certificates 
submitted  after  Che  effective  date,  and  thus  affected  less  Chan  5 percent 
of  new  production  airplanes  in  1976.  Furthermore,  upper  torso  restraint  was 
still  not  a requirement  since  the  two  alternatives  previously  mentioned 
(23.785(g)  2 and  3)  were  used  for  protecting  occupants  from  head  Injury. 

Subsequent  to  the  adoption  of  Amendment  23-7,  the  FAA  continued  to  review  the 
complex  area  of  occupant  restraint  and  crashworthiness  of  small  alrplanea.  The 
FAA  also  received  suggestions  for  improved  protection  of  occupants  from  injury  . 
in  a crash  or  emergency  landing.  These  Included  recommendations  by  the  MTSB 
and  a petition  in  which  Mr.  Ralph  Nader  requested  the  FAA  to  Improve  the 
crashworthiness  of  small  aircraft  by  requiring  shoulder  harnesses  and  Improved 
cabin  interior  design. 

In  considering  the  data  and  recommendations  received  concerning  the  type  certi- 
fication requirements  for  small  airplanes,  the  FAA  believed  that  additional 
crash  protection  was  needed  for  occupants.  These  requirements  for  aircraft 
certificated  under  FAR  23  were  published  in  an  NPRM,  Docket  No.  10162, 

Notice  73-1,  "Crashworthiness  for  Small  Airplanes,"  on  January  31,  1973 
(reference  11).  This  document  proposed  amending  FAR  23  to  require  the 
installation  of  shoulder  harnesses  In  airplanes  manufactured  1 year  from  the 
effective  date  of  the  proposed  amendment  and  also  apply  to  airplanes  made 
prior  to  the  effective  date  if  they  have  structural  provisions  for  the  attach- 
ment of  the  harness.  The  NPRM  further  proposed  that  FAR  23  cabin  interiors 
be  designed  to  protect  occupants  from  Injury  caused  by  contact  with  Interior 
objects  and  that  Part  91  (reference  12)  be  amended  to  require  that  crew 
members  have  their  shoulder  harnesses  fastened  at  all  times. 

NPRM  73-1  elicited  over  200  comments  from  interested  persons  and  organizations. 
Fifty-five  percent  of  the  comments  reflected  a negative  attitude  to  the  NPRM. 
The  major  objection  to  the  proposed  rule  was  opposition  to  mandatory  full- 
time use  of  the  upper  torso  restraint.  Other  objections  included  the  costs 
of  installation,  especially  for  retrofit,  discomfort,  and  the  possibility  that 
some  aircraft  controls  would  not  be  easily  accessible  when  the  upper  torso 
restraint  was  employed. 

Comments  favoring  the  proposed  rulemaking  often  had  qualifying  statements 
concerning  the  type  of  body  restraint  preferred,  assurance  of  pilot  comfort 
and  mobility  for  easy  access  to  all  cockpit  controls,  and  no  restrictions  to 
cabin  egress.  Comments  and  opinions  similar  to  those  mentioned  above  were 
expressed  by  the  pilots  and  flight  instructors  interviewed  in  the  initial 
phase  of  this  study,  A discussion  of  the  comments  elicited  by  this  proposed 
rule  is  In  a later  section  of  this  report. 

13 


In  April  1975 » the  International  Civil  Aviation  Organization  (ICAO)  forwarded 
to  the  Interagency  Group  on  International  Aviation,  Department  of  Transporta- 
tion (IGIA-DOT)  a request  for  "Comment . on  Proposed  Amendments  to  Annex  6, 

Part  I and  Part  II— Provisions  for  Flight  Crew  Safety  and  Pilot  Incapacitation." 
The  proposals  provided  for  additional  protection  of  all  flight  crew  members 
by  Installation  of  a safety  harness  for  each  flight  crew  seat.  This  provision 
did  not  explicitly  exclude  small  aircraft  and  appears  not  to  have  been  limited 
to  the  transport  category  usually  associated  with  ICAO.  NPPM  73-*l  was  still 
under  consideration  at  the  time  ICAO  requested  provision  for  a safety  harness 
for  each  crew  seat.  The  proposed  United  States  standard  would,  of  course, 
have  made  shoulder  harness  Installation  mandatory,  but  to  avoid  a difference 
between  the  pending  United  States  standard  and  ICAO's,  the  draft  reply  to  the 
ICAO  Secretariat  stated  that  "the  United  States  does  not  wish  to  see  the 
proposed  recommendation  raised  to  the  status  of  a standard,"  Hence,  the 
United  States  did  not  reject  the  content  of  the  ICAO  proposol,  but  Indicated 
a preference  for  a nonmandatory  recommendation  without  the  force  of  law. 

ACCIDENT  DATA. 

A review  of  NTSB  aircraft  accidents  for  the  years  1970  through  1974  (reference 
13)  Indicated  that  general  aviation  FAR  23  aircraft  (l.e.,  aircraft  weighing 
less  than  12,500  pounds  maximum  certified  takeoff  weight)  were  involved  In 
22,296  accidents.  This  number  of  accidents  resulted  In  6,936  fatalities, 

3,480  serious  Injuries,  5,355  aircraft  destroyed,  and  16,969  substantially 
damaged, 

NTSB  documents  59  first-type  accident  causes  by  Injury  and  damage  Index  In  the 
annual  review  of  aircraft  accident  data  reports.  From  this  list  of  59  first- 
type  causes,  the  most  common  24  are  shown  In  table  1.  They  account  for  approxi- 
mately 90  percent  of  the  general  aviation  accidents  that  have  occurred  within 
the  5-year  period.  Table  1 also  shows  for  each  of  the  24  first-type  accident 
causes  the  percent  involving  fatal/sorlous  injury  and  thus  the  relative 
seriousness  of  injuries  occurring  In  these  first-type  accidents.  For  example, 
as  seen  in  table  1,  of  ttie  416  spin  accidents  (No.  1)  384  or  92.3  percent 
were  fatal/serlous  injury  accidents.  Similarly,  the  4,954  accidents  resulting 
from  engine  failure  (No.  10)  Included  979  fatal/serlous  injury  accidents, 
a 19.8-percent  fatal/sevloun  Injury  rate.  While  this  rate  is  low  compared 
to  those  of  the  first  nine  categories,  engine  failure  accidents  rank  first  for 
total  number  of  accidents,  serious  injury  accidents,  aircraft  destroyed,  and 
substantial  damage  to  aircraft.  Furthermore,  the  engine  failure  category  ranks 
third  for  the  number  of  fatal  accidents.  Therefore,  the  following  analysis 
includes  the  engine  failure  accident  In  the  group  of  10  first-type  accident 
categories. 

For  an  analysis  of  the  accident  data  of  table  I,  the  accident  types  are 
divided  Into  two  major  parts:  those  from  numbers  1 through  10,  and  those 
from  11  through  24.  The  dlvisluu  is  based  on  the  relatively  high  percentage 
rates  of  fatal/serlous  injury  accidents  of  the  firat  10  types  compared  to  the 
lower  fatal/serlous  injury  accident  rates  of  the  last  14  types. 
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TABLE  1.  PERCENTAGE  RATES  OF  FATAL/SERIOUS  INJURY  FOR  FIRST-TYPE  ACCIDENTS 
(1970-1974) 


Nuib«r  of  Accldantn  by  Typ*  of  Injury  Pnrointnin  of 

Pntal/Serloui  Alrnrnft  Daaiio 


Plrst  Typa  Acddant 

ratal 

larioua 

Hinoi 

Wan. 

Tot.l  Inl 

ntv  Aecldi 

int.  D8.trsv.il 

Bub.tuitUl 

!•  Spit) 

m 

71 

23 

9 

418 

92.1 

342 

76 

2,  Collision  with  grd/watur (undone >664 

as 

69 

121 

939 

79.8 

72B 

210 

J.  Atrfrana  fallura  In  ril|ht 

190 

19 

27 

54 

290 

72.0 

20B 

82 

4«  bplral 

21 

16 

7 

6 

92 

71,0 

33 

19 

3.  NlOair  Colllalon 

143 

28 

19 

70 

260 

69.7 

160 

122 

ft.  Collision  Wth  grd/wacar(cone) 

367 

114 

113 

224 

818 

38.8 

476 

339 

7.  Collision  with  trass 

370 

143 

124 

266 

903 

36.8 

320 

383 

B,  Stall 

369 

199' 

166 

291 

1049 

96.1 

366 

bOO 

9«  Colllalon  with  vlras/polaa 

136 

199 

149 

301 

769 

41.2 

333 

636 

LU«  hniina  fallura 

364 

993 

1072 

2903 

4494 

19.8 

939 

3990 

il«  Huah 

44 

101 

163 

476 

784 

18.9 

IBO 

606 

12,  Undershoot 

40 

64 

109 

SOI 

714 

14.6 

90 

622 

13.  Colllalon  with  dirt  bank 

1 

13 

16 

82 

112 

12.9 

12 

100 

14 • Rollovar 

4 

2 

18 

32 

96 

10,7 

11 

63 

IS.  A/C-A/C  Colllalon  on  ground 

6 

7 

20 

132 

167 

9,0 

12 

161 

16.  Ovatihoot 

24 

t'j 

144 

764 

997 

8.9 

72 

925 

17«  daat  down  landing  In  watar 

1 

0 

1 

8 

12 

8,0 

1 

11 

1B«  Collision  With  fanos/posta 

4 

a 

37 

226 

279 

4,0 

19 

236 

L9«  tiard  landing 

9 

33 

146 

1437 

1647 

4.0 

62 

ISBl 

2Qf  Noaeovar 

6 

11 

77 

629 

719 

2.0 

26 

694 

21<  Oround/watar  loop«>awarva 

10 

91 

272 

2632 

2969 

2.0 

63 

2879 

22 t Whaala  up  landing 

2 

4 

. 4 

381 

391 

1.0 

6 

582 

73i  Qaar  oollapaad 

2 

3 

41 

410 

496 

1.0 

17 

639 

24,  Qaat  ratcaetad 

0 

0 

3 

294 

297 

0,0 

3 

291 

TcJtul  Typaa,  1-24 

3136 

1809 

2824 

12449 

20238 

24.9 

66B1 

15325 

gubtutal  typas,  1-10 

3001 

1427 

1769 

4249 

10646 

42,9 

6283 

6133 

Subtotal  Typaa,  11-24 

153 

382 

1039 

8200 

9792 

9.4 

396 

9170 

I'.rcvntati*  ratal/n.ttuua  TytiM, 

1-lU 

93.2 

79.9 

62. 

7 34.1 

31.6 

87.7 

60.2 

i'uM-vnUigv  Kittul /Sarloua  Typaa, 

11-24 

4.9 

21.1 

37. 

3 63.9 

66.6 

12. i 

39.8 

Falal  luturyi  Aov  lulurv  which  raaulta 

Sariuiia  htjiiryt  Any  Injury  whlchi  (1) 

In  danlh 

raquiraa  l 

within  ; daya. 

hoapltallaatlon  for 

■ora  than  66 

houra,  co 

■wnclng 

within  7 dnyn  fro*  tho  d«Cw  tha  Injury  wnn  r«c«lvad(  (2)  runults  In  a f'/tctum 


o(  wty  bun«  (anctpt  aiopla  fractuiuo  of  I'ingrra*  tots  or  nosst  ())  Involvss  Isctrstluns 
whieh  cMuso  ssvsro  hooorrhSMOi  n«rv««  misclOp  or  tondon  dsM|t(  (4)  Involvts  Injury 
to  any  Itittmsl  orisni  or  (5)  Involvwo  sseond  or  third  dsiirso  bums,  or  any  burns 
arfBcllng  nnra  than  3 parcant  of  tha  body  aurfar.a. 

Uiinatta  to  an  aircraft  to  tha  aatant  that  It  would  ba  lapractlcal  to  rnturn  it  to  an 
airworihy  condition. 

UaMM  or  structural  faituia  which  advaraaly  af tacts  tha  structural  straniithi 
parformanca,  or  fllHht  charactarlatlca  of  tha  aircraft,  and  which  would  noraally 
rai|uira  laajor  rapair  ur  raplacaaant  of  tha  aflactad  coa|>onant. 
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Under  the  fatal/serious  Injury  columns  for  the  24  accident  types  listed,  there 
were  a total  of  3,156  fatal  and  1,809  serious  Injury  accidents.  The  sum  of 
these  two  accident  Injury  classifications  is  24,5  percent  of  the  total  20,238 
accidents. 

Three  thousand  and  one  fatal  and  1,427  serious  Injury  accidents  were  attributed 
to  first-type  accidents  1 through  10,  Combined,  they  account  for  42,3  percent 
of  the  total  10,446  accidents.  The  3,001  fatal  accidents  and  1,427  serious 
injury  accidents,  respectively,  account  for  95.1  percent  of  fatal  and  79,9 
percent  of  cerlous  Injury  accidents  of  the  first  group  (1-10)  of  first-type 
accidents. 

Similarly,  the  accident  types  of  numbers  11  through  24  were  responsible  for 
155  fatal  and  382  serious  Injury  accidents,  which  when  combined,  represent 
5.4  percent  of  the  total  9,792  accidents  occurring  In  this  group.  The  155 
fatal  and  382  serious  injury  accidents,  respectively,  account  for  4.9  percent 
of  fatal  accidents  and  2.1  percent  of  the  serious  Injury  accidents. 

The  columns  showing  aircraft  damage  Indicate  that  the  first  group  of  10  accident 
types  account  for  4,283  aircraft  destroyed  or  87.7  percent  of  all  aircraft  des- 
troyed, while  the  accident  types  of  the  second  group  (types  11  through  24) 
resulted  In  599  aircraft  or  12.3  percent  destroyed. 

Of  the  24  accident  types  listed,  the  first  group  of  10  may  be  considered  major 
type  accidents,  l.e.,  the  nature  of  the  accident  was  such  that  the  ultimate 
forces  Imposed  on  the  aircraft  probably  exceeded  the  design  forces  required 
under  FAR  23,561  (reference  1)  to  protect  occupants  from  serious  injury  under 
emergency  crash  landing  conditions.  The  second  group  of  accidents,  types  11 
through  24,  may  be  regarded  as  accidents  of  a less  catastrophic  nature,  assum- 
ing that  the  ultimate  forces  Imposed  on  the  aircraft  structure  did  not  exceed 
the  specified  design  forces.  The  data  of  table  1 support  these  assumptions 
when  one  compares  the  relatively  high  percentage  rates  of  fatal/serious  acci- 
dents and  aircraft  destroyed  in  the  first  group  of  10  accident  types  with 
the  relatively  low  fatal/serious  injury  accidents  and  number  of  aircraft  des- 
troyed In  the  second  group  of  14  accidents.  The  number  of  aircraft  destroyed 
in  group  1-10  type  accidents  (4,283)  represents  87.7  percent  of  the  total  number 
of  aircraft  destroyed,  while  the  number  of  aircraft  destroyed  In  group  11-24 
type  accidents  (598)  represents  12.3  percent  of  the  total,  a ratio  slightly 
greater  than  7 to  1.  These  figures  Indicate  that  the  majority  of  the  group 
11-24  type  accidents  are  of  leas  serious  nature  than  those  of  the  other  group. 

It  is  reasonable  to  assume  that,  If  all  of  the  aircraft  involved  in  group 
11-24  type  accidents  had  been  equipped  with  upper  torso  restraints  and  If  the 
occupants  had  been  wer.ring  them,  the  number  of  fatalities  or  serious  and  minor 
injuries  would  have  teen  reduced  considerably.  It  is  also  possible  that  upper 
torso  restraints  would  have  had  a favorable,  if  not  as  large,  effect  on  the 
group  I-IO  type  accidents. 

The  records  of  accidents  compiled  by  the  NTSB  ordinarily  do  not  specify  the 
type  of  Injury  sustained  by  the  occupants  of  aircraft  Involved  In  accidents 
other  than  to  classify  accident  injuries  ns  either  fatal,  serious,  minor,  or 
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none.  Thus,  a comparison  of  bodily  Injuries  sustained  with  shoulder  harnesses 
installed  and  vorn  versus  bodily  Injuries  sustained  with  no  shoulder  harnesses 
Installed  was  not  possible. 

LITERATURE  REVIEW. 

A review  of  the  literature  relevant  to  crashworthiness  of  small  general  avia- 
tion aircraft  and  related  information  on  seats,  berths,  and  restraints  shows 
a significant  number  of  head,  face,  upper  torso,  and  extremity  injuries  attri- 
buted to  Impact  with  the  Instrument  panel,  cabin  sides,  and  flight  controls. 

Cf  more  Importance  is  the  fact  chat  a large  number  of  the  resultant  Injuries 
occurred  in  accidents  In  which  the  cabin  environment  remained  substantially 
Intact  (Che  aircraft  cabin  structure  sustained  a 15  percent  or  less  reduction 
of  its  original  volume). 

In  an  effort  to  obtain  as  much  objective  data  as  possible,  the  project  team 
reviewed  more  than  200  studies,  research  reports,  papers.  Journals,  and 
articles  pertinent  to  body  restraints  and  the  associated  areas  of  crash- 
worthiness  design,  crash  Impact  variables,  kinematic  behavior  of  the  human 
body  during  deceleration,  and  trauma  associated  with  light  aircraft  crashes. 

Hasbrook's  study  (reference  10)  of  913  general  aviation  accidents  showed  that 
56.1  percent  of  the  aircraft  Involved  either  suffered  no  structural  damage 
to  the  cabin  or  only  minor  distortions . Yet,  29  percent  of  the  occupants 
of  these  "survivable"  accidents  sustained  fatal  or  serious  injuries,  (A 
survivable  accident  is  one  In  which  the  structure  in  the  occupants’  immedlaie 
environment  remains  substantially  intact  throughout  the  Impacts,  and  in  which 
the  forces  transmitted  to  the  occupant  through  his  seat  and  restraint  system 
do  not  exceed  the  Impact  (g)  tolerances  of  the  human  body.) 

A similar  study  (reference  lA)  of  Army  aircraft  accident  data  revealed  that 
61  percent  of  the  fatalities  Incurred  were  due  tc  crash  Impact,  and  25  percent 
of  these  fatalities  were  due  to  head/fuce  Injuries  which  were  not  only  the  moot 
lethal  but  most  frequent.  It  vras  recommended  that  efforts  shculd  continue  to 
minimize  head  and  spinal  injuries ... "the  lap  belt  by  itself  does  not  provide 
upper  torso  restraint  for  minlinizing  occupant  structure  strike  injuries  and 
reducing  spinal  injuries  in  vertical  crash  forces."  The  report,  concerning 
2A8  occupants  involved  in  light  plane  crashes,  continued:  "...yet  one  out 
of  four  occupants  were  killed.  Injuries  stemmed  from  flailing  of  the  body 
parts  within  the  occuprnts'  environment....  The  lap  belt  restraint  plays 
only  a moderate  role  in  reducing  Injury  severity...." 

Another  report  by  the  Army  Research  Command  (reference  15)  stated:  "Full  pro- 
tection of  seat  belt  only  restraint  can  be  realized  only  when  t^c  occupant 
has  an  unobstructed  path  for  his  flailing  extremltleo  and  upper  torso.  If  this 
condition  does  not  exist,  the  protection  offered  by  the  lap  seat  belt  may  not 
be  limited  by  g factors,  but  by  the  Injurious  aspects  of  the  occupants'  envi- 
ronment ..  .seat  belt  injuries  In  general  should  not  be  consldared  proof  against 
seat  bell  usefulness,  but  as  evidence  of  its  necessarily  limited  protective 
value  when  compared  to  restraint  systems  that  offer  better  load  distribution 
over  the  entire  skeleton." 
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/n  FAA  report  (reference  7)  concerning  the  Investigation  of  78  light  aircraft 
accidents  indicated  that  17  aircraft  were  destroyed  and  11  were  partially  des- 
troyed, and  in  50  aircraft  the  cabin  remained  Intact.  Of  the  50  survlvable- 
type  accidents  Involving  111  occupants,  26  were  killed,  37  were  seriously 
Injured,  6 received  minor  injuries,  21  received  no  Injury,  and  Injury  to 
one  occupant  was  unknown.  The  majority.  If  not  all  Injuries,  were  results 
of  head-face-torso  Impact  with  the  Instnnnent  panel  or  cabin  Interior  struc- 
tures. The  approximate  25  percent  fatality  Index  rate  is  In  accord  with 
Hasbrook's  Information. 

Carr  and  Slngley  (reference  16)  reported  that  61  percent  of  all  fatalities 
are  due  to  Impacts,  and  approximately  25  percent  of  all  fatalities  are  due 
to  head  and  face  Injuries. 

J.  Swearingen,  in  reference  17  states:  "Crash  safety  design  Is  far  behind  that 
of  the  automobile,...  Death  rates  per  100  million  passenger  miles  in  aircraft 
are  at  least  se\’en  times  those  for  automotive  transportation.  Detailed  analyses 
indicate  that  general  aviation  aircraft  with  rigid  Instrument  panels  studded 
with  heavy  instruments,  protruding  knobs,  and  sharp  edges,  along  with  a lack 
of  slow  return  padding  and  very  inadequate  restraint  equipment,  are  producing 
fatal  or  serious  injuries  during  low  cabin  crash  decelerations  of  as  little 
as  3-4  g's..,.  Tests  Indicate  a complete  restraint  system  is  significantly 
superior  to  the  'seat  belt,  only*  restraint  system."  In  another  two-year  study 
(reference  18)  pertaining  to  acceptance  teats  of  various  upper  torso  restraints, 
Swearingen  found  that  people  can  be  motivated  to  accept  and  use  torso  restraint 
equipment  provided  specific  design  criteria  are  adhered  to.  Criteria  Include 
comfort,  neatness  of  appearance,  ease  ol  stowage,  and  ease  of  donning  and 
removing.  Inertia  reel  design  should  be  Included  for  ease  of  motion. 

Similarly,  R.  A.  Hughes  (reference'  19)  reports:  "It  is  deduced  that  poor 
acceptance  of  the  currently  fixed  shoulder  harness  in  automobile  systems 
stems  from  the  failure  to  meet  certain  qualitative  specifications  relating  to 
comfort,  fit,  ease  of  use,  and  freedom  to  move.  A lato  result  has  been 
increased  demand  for  passive  restraint  systems  which  require  no  action  on  the 
part  of  the  vehicle  occupant." 

Hughes  also  concludes  that:  "Effective  personnel  restraint  systems  have  been 
developed  for  general  aviation.  These  systems  stress  safety,  comfort,  economy, 
ease  of  Inatallatlon,  and  generation  of  user  confidence.  Inertial  or  force 
sensing  reels  and  single  point  buckles  are  Integral  parts  of  the  system.  The 
system  for  personal  and  private  flying  adds  comfort  and  convenience  to  the 
familiar  automotive-type  harness,  while  t'  ; system  for  business  aircraft  or 
other  aircraft  with  structural  seats  utilizes  the  experience  gained  on  thousands 
of  commercial  transport  aircraft." 

Flight  Safety  Foundation  (FSF)  reported  in  an  Accident  Prevention  Bulletin 
(reference  20)  that:  "Crew  members  are  exposed  uo  a more  Injurious  environment 
than  roost  passengers,  and  head  injuries  to  cockpit  personnel  can  be  the  cause 
of  serious,  even  fatal  injury.  Only  adequate  upper  torso  restraints  can 
prevent  or  minimize  these  injuries....  Human  tolerance  to  transverse  decelera- 
tion Is  increased  by  using  a shoulder  harness  in  conjunction  with  a seat  belt 
because  it  keeps  the  spine  perpendicular'  to  the  direction  of  the  crash  force." 
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In  1972,  NAFEC  conducted  a series  of  22  dynamic  tests  on  general  aviation 
occupant  restraint  systems  (reference  8),  by  studying  the  longitudinal 
deceleratlon/tlme  response  of  anthropometric  dummy  occupants.  It  was  demon- 
strated that  the  lap  bult/shoulder  harness  restraint  system  offered  occupants 
successful  restraint  at  occupant  Inertia  force  levels  substantially  above 
the  current  regulatory  level.  The  testa,  preliminary  In  nature,  warranted 
continuation  of  the  teat  program  In  that  “...restraint  systems  showed  promise 
for  regulatory  Inclusion,  by  virtue  of  the  fact  that  results  were  achieved 
with  restraint  systems  offered  as  options  In  recent  years,  requiring  minimal 
weight  Increase  with  fuselage  reinforcement  adaptable  to  retrofit  as  well  as 
new  assembly." 

There  Is  little  doubt  that  seat  restraints  have  grown  In  availability  and  use 
In  other  vehicular  inodes.  The  Initial  resistance  to  wearing  belts  has  declined 
gradually  due  to  safety  education  and  the  Improvement  In  convenience  and  util- 
ity of  using  the  restraints  themselves. 

The  first  belts  were  two  piece,  manually  adjusted  and  nonretractable.  Evolu- 
tion of  a combined  lap  and  upper-torso  restraint  system,  consisting  of  one 
movable  part  and  requiring  no  adjusting  or  storing  action,  has  aided  acceptance. 
This  simple  system  is  presently  found  In  most  current  automobiles  and  new 
general  aviation  aircraft.  While  It  represents  a major  improvment  over  the 
lap  belt.  It  Is  not  the  ultimate  In  protection,  as  evldem  ed  by  several  studies 
of  comparative  effectiveness.  Significant  reductions  In  automobile  casualties 
have  been  attributed  to  belt  wearing,  but  experimentation  with  simulated  air- 
craft crashes  suggests  that  a further  significant  Increment  In  safety  is  pro- 
vided by  the  dual-loop-around-the-shoulder  system,  often  characterized  as  the 
“aircrew''  restraint  deolgn  (reference  16) . The  dual  loop  system  provides 
greater  lateral  protection  and  better  deceleration  load  distribution  than  the 
ao.ross-the-chest  or  Sam  Browne  type. 

An  Australian  Btudy  (reference  21)  revealed: 

1.  "The  compulsory  wearing  of  belts  in  Victoria  is  now  being  observed  by 
85  to  90  percent  of  the  drivers  in  the  country  and  metropolitan  areas, 
respectively. 

2.  "The  overall  vehicle  driver  casualties  fell  by  about  14  percent  due  to 
belt  wearing...." 

3.  "Detailed  examination  of  accident  data  shows  seat  belt  wearing  to  have 
a casualty  reduction  potential  In  a variety  of  accident  types.  However,  Che 
effectiveness  could  be  Improved  hy  vehicle  design  to  give  better  lateral  pro- 
tection to  occupants." 

The  consensus  of  many  reports  Is  that: 

1.  A significant  number  of  aircraft  occupants  involved  in  light  olrcraft 
accidents  are  sustaining  fatal  and  serious  Injuries  In  "survlvable-type" 
crashes. 
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2.  Twenty-five  percent  or  more  of  these  Injuries  are  attributable  to 
unrestrained  head,  face,  or  body  Impact  with  the  instrument  panel,  flight 
controls,  or  surrounding  structure  of  .the  cabin  environment. 

3.  The  lap  seat  belt  by  itself  has  a limited  protective  value  aixl  does  not 
provide  upper  torso  restraint  for  minimizing  head/face  Injuries  and  reducing 
spinal  Injuries  In  aurvlvable-type  light  aircraft  crashes. 

4.  A single  diagonal  chest  strap  used  In  conjunction  with  a lap  belt  can 
reduce  injury  severity  and  Is  more  effective  as  a restraint  than  the  lap 
belt  alone.  However,  the  single  diagonal  belt/ lap  belt  Is  not  the  opti- 
mum restraint  system  since  It  will  not  prevent  head  Impact  during  forward  and 
lateral  decelerations. 

5.  Effective  upper  torso  restraints  are  availabJe  from  aircraft  manufacturers 
and  aircraft  products  manufacturers. 

6.  Aircraft  occupants  can  be  motivated  to  wear  upper  torso  restraints  pro- 
vided the  restraint  system  le  designed  to  offer  adequate  comfort,  pilot 
mobility,  neatness  of  appearance,  ease  of  stowage,  and  ease  of  donning  and 
escape. 

CURRENT  STATUS  OF  RESTRAINT  SYSTEMS. 

Members  of  the  project  team  visited  three  major  manufacturers  of  general  avi- 
ation aircraft  to  inspect  current  production  line  aircraft  and  to  obtain  first- 
hand Information  from  engineering  personnel  on  current  design  thinking,  problems, 
and  status  of  shoulder  harness  installation. 

The  chief  engineer  of  one  of  the  nircraft  plants  stated  that  in  addition  to 
the  lap  belt,  upper  torso  restraints  for  front  seats  are  now  standard  equip- 
ment on  all  of  their  aircraft  models.  The  installed  restralnto  generally  were 
the  diagonal  "Sam  Browne"  chest  belt  type.  Some  models  Inspected  were  equipped 
with  inertia  reel  restraints;  others  offered  them  as  an  option. 

Ideally,  the  diagonal  cheat-type  restraint  anchor  point  is  located  on  the  out- 
board side  of  the  cabin  structure,  behind  the  occupant's  outboard  shoulder. 

This  anchor  point  then  allows  the  upper  torso  restraint  to  pass  over  the  out- 
board shoulder  and  fasten  Inboard  at  the  occupant's  hip  as  shown  in  figure  2. 

This  arrangement  is  recononended  to  minimize  body  impact  with  the  side  structure 
of  the  aircraft  cabin  in  the  event  of  an  emergency  crash  landing. 

Aircraft  structural  design  in  at  least  one  model  precluded  this  anchor  point 
arrangement  because  of  the  location  of  the  doors.  In  this  model,  the  anchor 
point  ^or  the  upper  torso  restraint  was  located  in  the  overhead  behind 
and  midway  between  the  two  front  seats.  This  arrangement  brings  the  upper 
torso  restraint  across  the  chest  from  the  Inboard  shoulder  to  the  outboard 
hip;  while  reatticting  forward  body  movement  In  the  event  of  rapid  deceleration, 
this  configuration  provides  Httle,  if  any,  protection  for  body  and  head  impact 
in  forward/sideward  dccelerai Lons. 


20 


OUTBOARD  SHOULDER 


FIGURE  2.  UPPER  TORSO  RESTRAINT  INSTALLATION— DIAGONAL  BELT 


The  vice-prealdent  of  engineering  of  another  aircraft  company  told  the  team 
that  all  current  models  of  their  aircraft  have  upper  torso  restraints  with 
Inertia  reels  as  standard  equipment  for  front  seat  occupants. 

Recent  literature  for  a third  aircraft  company  advertises  that  shoulder 
safety  belts  with  inertia  reels  are  standard  front  seat  equipment  on  at  least 
three  of  the  1977  single-engine  aircraft  models. 

in  the  United  Klngaom  (UK),  the  combined  efforts  of  two  manufacturers  of 
aircraft  products  resulted  in  the  development  and  manufacture  of  an  Inertia- 
reel  full  harness  which  consists  of  two  over-shoulder,  Integral  restraints 
that  cannot  be  unhooked  to  leave  Just  the  lap  belts  fitted.  Both  lap  and 
shoulder  straps  are  locked  by  a single  clasp  and  are  adjustable  (figure  3) . 

The  harness  has  been  approved  by  the  UK  Civil  Aeronautics  Administration  (CAA) , 
but  more  significant  is  the  fact  that  the  UK  CAA  has  required  that  the  front 
seats  of  all  British-registered  aircraft  should,  by  January  1978,  carry 
shoulder  restraints  of  either  a diagonal  belt  or  full  harness,  as  per 
Great  Brltian  Air  Navigation  Order  1976,  Schedule  5,  Scale  AB. 

The  project  team  examined  several  typical  current  production  aircraft  which 
indicated  that  aircraft  manufacturers  are  concerned  with  occupant  safety  and 
are  installing,  as  standard  equipment,  some  form  of  upper  torso  restraint  in 
current  production  aircraft. 
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The  vai.'lety  of  occupant  restraints  examined  Included  Inertia  and  nonlnertla 
types,  single  dlagonal/lap  belt  combination,  single  diagonal  belt/separate  lap 
belt,  and  dual  over-the-shoulder  straps/ separate  lap  belt.  Belt  buckle  coupling 
arrangements  and  locations  varied  as  did  the  location  of  the  upper  torso 
restraint  anchor  points.  The  nonlnertla  but  adjustable  restraints  for  front 
seat  occupwts  generally  are  stowed  inconveniently  In  clips  above  the  front 
side  windows;  consequently  this  type  usually  remains  unused. 


77-38-3 

FIGURE  3.  INTEGRAL  RESTRAINT  WITH  DUAL  BELTS 


Despite  the  dissimilarities,  the  restraints  installed  In  these  new  aircraft 
are  a major  improvement  over  aircraft  equipped  with  only  lap/seat  belts. 

NPRM  73-1  (REFERENCE  11) . The  accident  data  show  that  a significant  number  of 
people  involved  ir  aircraft  accidents  are  fatally  or  seriously  injured  because 
of  unrestrained  head -face-body  Impact  with  portions  of  the  aircraft  cabin 
Interior.  Innumerable  studies  offer  overwhelming  and  Irrefutable  evidence 
that  the  lap  seat  belt,  by  Itself,  has  a limited  function  In  protecting  occu- 
pants from  fatal  or  serious  Injury  In  light  aircraft  Impact  accidents.  Manu- 
facturers, cognizant  of  the  need  for  Improved  occupant  safety,  are  Installing 
upper  torso  restraints  In  newly  manufactured  aircraft.  It  is  surprising  then 
that  the  FAA  NPRM  requiring  the  Installation  and  use  of  shoulder  harnesses 
met  with  ciuch  opposition. 

FAR  23,785  was  submitted  as  a section  of  NPRM  67-14  In  1967  (Federal  Register 
Vol.  32  No.  69,  April  11,  1967).  During  the  period  open  for  comment,  four 
responses  reflected  the  following  opinions: 

1.  Unqualified  yes.  "...changes  should  result  In  a safer  aircraft." 

2.  Qualified  yes.  "...but  define  injurious  object." 
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3.  No.  "...shoulder  hurnesses  should  continue  as  optional  equipment." 

4.  No*  "...until  pilots  are  aware  of  the  benefit  of  these  devices.  Installed 

belts  will  not  be  used." 

The  comments  received  were  from  two  aircraft  manufacturers  and  two  organiza- 
tions representing  aircraft  manufacturers. 

Subsequently,  PAR  23.785  of  NPRM  67-14  was  adopted  as  originally  proposed 
under  Amendment  23-7  and  became  effective  September  14.  1969.  FAR  23.625 
(Fitting  Factors)  and  23.1413  (Safety  Belts  and  Harnesses)  were  amended  to 
Include  the  word  "harness."  No  revisions  were  made  to  FAR  91  as  there  were 
no  proposals  to  amend  that  part. 

NPRM  73-1  (Federal  Register  38-2985,  January  31,  1973),  relevant  to  shoulder 
harness  Installation  and  use,  proposed  amendments  to  FAR  23  and  91.  NPRM  73-1 
elicited  over  200  comments  from  the  general  aviation  public,  with  over  100 
responses  opposed  to  the  proposal.  The  chief  objections  to  the  NPRM  are: 

1.  Over-regulation 

a.  Oppose  being  told  what  to  wear. 

b.  Oppose  mandatory  nature  nf  the  proposed  regulation. 

c.  Unenforceable  regulation. 

d.  Impossible  to  regulate  safety. 

e.  Invasion  of  people's  rights. 

2.  Cost 

s.  Coat  for  Installation  and  retrofit, 

b.  Drives  cost  of  airplanes  up. 

3.  Operational  (Mandatory)  Use 

a.  Confining 

b.  Cumbersome 

c.  Unsightly 

4 . Dangerous 

a.  Impede  pilot  mobility  to  reach  all  controls  and  3qulpment. 

b.  Restrict  head  mobility  In  looking  out  for  other  aircraft. 

c.  Impede  egress. 

d.  Diagonal  belt  can  break  neck. 

The  difference  in  the  number  of  responses  to  the  two  NPRM's  is  because  NPRM 
67-14  Imposed  a requirement  only  on  the  aircraft  manufacturer,  w'llle  NPRM 
73-1  sought  to  impose  a requirement  on  both  manufacturer  and  general  aviation 
public. 

Since  current  shoulder  harness  development  technology  has  been  Improved  con- 
siderably, objections  3 and  4 are  not  substantial  enough  to  warrant  withdrawal 
of  NPRM  73-1.  Of  the  first  two  objections,  there  are  two  substantial  arguments 
against  the  adoption  of  the  NPRM. 
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A report  prepared  by  the  MITRE  Corporation  (reference  22)  presented  a prelim- 
inary analyals  of  all  civil  aviation  accidents  which  occurred  within  the  United 
States,  its  territories,  and  possessions  during  the  9-year  period  from  January 
1964  to  December  1972.  Tlie  accident  data  were  derived  from  NTSB  records  and 
Included  accident  data  for  the  four  user  classea  of  air  carrier,  small  air 
taxi,  corporate/ executive,  and  small  general  aviation  aircraft.  Considering 
only  the  data  pertinent  to  small  general  aviation  aircraft,  figure  A-4  of 
appendix  A,  shows  the  accidents  and  related  fatalities  that  occurred  during 
the  9-year  span.  The  total  of  small  general  aviation  aircraft  accidents 
accounted  for  92.6  percent  (42,567)  of  the  total  accidents  (45,946)  and  for 
74.4  percent  (9,468)  of  the  total  fatalities  (12,719).  What  la  significant 
is  the  fact  that  of  the  single  aircraft  accidents  that  occurred  under  normal 
operating  conditions,  the  combination  of  takeoff  and  landing  accidents  (22,229) 
accounted  for  82  percent  of  the  27,100  accidents. 

Thus  these  accident  figures  substantiate  the  objection  to  the  proposed  require- 
ment for  flight  crew  members  to  wear  the  Installed  harness  at  all  times  while 
at  their  stations.  They  also  reinforce  the  requirement  for  wearing  them  dur- 
ing takeoff  and  landing;  these  ure  flight  phases  of  high  accident  frequency. 

The  opposition  to  the  proposed  retrofit  provision  of  the  NRPM  also  appears 
Justified.  Table  2 shows  the  population  of  registered  general  aviation  air- 
craft by  type  for  the  years  1969  through  1973.  Mote  that  the  first  three 
aircraft  types,  single-engine  one-to-tULue  place,  single-engine  four-place 
and  over,  and  multiengine  reciprocating,  comprise,  respectively,  33  percent, 

50  percent,  and  12  percent  (total  95  percent)  of  the  general  aviation  fleet. 

A projection  of  these  percentages  to  the  estimated  1978  general  aviation  fleet 
of  180,000  registered,  active  aircraft  would  produce  the  following  aircraft 
population: 


Single  engine  aircraft  (one-to-three  place)  59,400 
Single  engine  aircraft  (four-place  or  more)  90,000 
Multiengine  aircraft  (under  12,500  pounds)  2,220 

Total  151,620 


There  Is  no  method  of  dr.tcrmliilnK  how  many  of  these  aircraft  presently  are  or 
will  be  equipped  with  upper  torso  restraints,  nor  can  it  be  established  how 
many  aircraft  do  not  or  would  not  have  structural  provisions  for  shoulder 
harness  attachments.  However,  an  assumption  that  10  percent  of  the  fleet 
Is  equipped  with  upper  torso  restraints,  and  40  peicent  do  not  have  the  neces- 
sary structural  support  for  restraint  attachment,  means  that  50  percent  of  (he 
estimated  fleet  (75,000  plus  aircraft)  would  be  affected  by  proposed  regulation 
to  install  (i.e.,  retrofit)  upper  torso  restraints.  Whether  the  percentage 
estimates  ace  precise  does  not  alter  the  fact  that  a major  proportion  of 
genera]  aviation  aircraft  owners  would  be  burdened  with  the  purchase  and 
InstallatLon  costs  of  upper  torso  restr'alnts.  Purchase  price  for  a diagonal 
chest  belt  and  lap  belt  Including  the  Inertia  reel  system  Is  approximately 
$55  per  seat.  With  a variable  cost  for  installation,  total  coats  for  a four- 
place  aircraft  could  run  between  $350  and  $500.  The  opposition  to  retrofit  is 
strengthened  by  this  cost  consideration. 
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TABLE  2.  POPDLATIMI  OF  REGIS  _ERED  CENKBAT.  AVIATIOi  AIRCRAFi- 


If  the  FAA  were  to  withdraw  the  proposed  requirement  for  i^houlder  harness 
retrofit,  another  significant  problem  might  arise  as  indicated  by  a recent 
study  (reference  23)  of  attrition  in  the  domestic  general  aviation  fleet 
(figure  A-5  in  appendix  A).  The  study  shows  that  with  an  attrition  rata  of 
3 percent,  the  majority  of  the  75,000  general  aviation  aircraft  mentioned  in 
table  2 will  be  flying  10  or  20  years  hence.  In  view  of  the  described  costs, 
it  is  likely  that  they  will  still  be  flying  without  upper  torso  restraints. 
Under  these  circumstances.  It  is  highly  improbable  that  there  will  be  a signi- 
ficant reduction  in  the  number  of  Injuries  attributable  to  head  and  body  Impact 
with  the  cabin  interior  in  survivable  aircraft  crashes. 

RECOMMENDATIONS. 

The  data  substantiate  the  need  for  occupant  protection  in  the  event  of  surviv- 
able crash  accidents.  Consideration  should  be  given  to  regulatory  action 
based  on  a modified  version  of  NFRM  73-1  to  require  as  a minimum,  (a)  the 
installation  of  upper  torso  restraints  in  newly  manufactured  aircraft,  (b) 
wearing  of  the  Installed  restraints  during  the  takeoff  and  landing  phases 
of  flight,  and  (c)  the  establishment  of  a reasonable  time  period  for  the 
installation  of  front  seat  upper  torso  restraints  In  previously  manufactured 
aircraft  that  have  adequate  structural  provisions  for  restraint  Installation. 
The  Installed  restraints  should  not  restrict  crew  mobility  or  egress  from 
the  aircraft  in  an  emergency. 

On  June  9,  1977,  Amendment  23-19  to  FAR  23  was  adopted  to  require  approved 
belts  and  shoulder  harnesses  for  front  seats  and  to  require  that  they  be 
worn  during  takeoff  and  landing.  (For  aircraft  manufactured  after 
July  18,  1978). 


SEAT  LATCHES 


THE  PROBLEM. 

The  seat  latches  of  various  general  aviation  aircraft  do  not  insure  adequate 
locking  in  intermediate  positions.  With  the  application  o.  power  for  takeoff, 
the  force  exerted  on  the  seat  because  of  aircraft  acceleration  could  cause 
the  seat  to  slide  to  Its  rearmost  position,  with  possible  loss  of  control. 

RELEVANT  FACTORS. 

Most  late  model  general  aviation  aircraft  have  adjustable  pilot  and  copilot 
seats.  In  the  simplest  form  of  seat  adjustment,  the  pilot  can  make  s manual 
adjustment  In  a fore  and  aft  direction.  This  Is  accomplished  by  depressing 
a spring-loaded  lever  or  bar,  generally  located  under  or  on  the  side  of  the 
seat,  which  retracts  a metal  rod  from  one  of  anveral  circular  detente  In  a 
fixed  track  attached  to  the  cabin  floor.  The  seat  Is  then  free  to  move  on 
this  track  In  n fore  and  aft  direction  until  the  pilot  releases  the  lever. 

The  spring-loaded  rod  Is  then  aligned  and  inserted  Into  one  of  the  circular 
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detents  that  hold  the  seat  In  the  adjusted  position.  In  addition  to  fore  and 
aft  positions,  more  complex  (but  more  costly)  seat  systems  allow  for  manual 
or  powered  adjustment  of  the  seat  height  and.  seat  back  position. 

The  specifications  for  aircraft  seats  and  berths  are  defined  In  National  Air- 
worthiness Standard  (NAS)  809,  prepared  by  the  Airworthiness  Requirements 
Committee  (ARC)  and  In  FAR  23.785.  These  specifications  define  the  minimum 
performance  and  safety  standards  for  seats  and  berths. 

The  requirements  pertain  primarily  to  the  structural  strength  of  the  seat 
with  no  specific  reference  to  seat  adjustments  or  positive  action  of  the  seat 
locking  device.  FAR  23.785  (c)  states:  "Each  pilot  seat  must  he  designed 
for  the  reactions  resulting  from  application  of  pilot  forces  to  the  primary 
flight  controls  as  prescribed  In  FAR  23.395." 

NAS  809  4.1. 2. 5 states:  "The  seat  or  berth  In  any  of  Its  adjustable  positions 
shall  be  capable  of  withstanding  the  limit  loads  without  suffering  detrimental 
permanent  deformation.  At  all  loads  up  to  these  limit  loads,  the  deformation 
shall  be  such  as  not  to  Interfere  with  safe  operation  of  the  airframe." 

Possibly  these  requirements  could  be  presumed  to  cover  the  case  of  accelera- 
tions Imposed  during  the  takeoff  phase  of  flight.  Under  this  Interpretation, 
if  a seat  slips  from  Its  adjustment  detent  position,  the  regulation  should 
apply;  therefore,  a seat  that  lacks  positive  latching  and  can  slip  does  not 
meet  present  FAR  and  NAS  requirements.  If  this  la  the  Intent  of  the  present 
regulations  It  should  be  made  explicit,  since  not  all  seat  track  latches 
have  the  required  positive  lock  action. 

The  pilot  survey  conducted  early  In  this  project  indicates  that  the  occurrence 
of  seat  slippage  Is  more  frequent  than  realized,  cud  only  luck  or  proper  notion 
on  the  pilot's  part  has  kept  this  potential  accident  cause  to  the  low  frequency 
found  In  the  accident  data. 

Over  50  percent  of  the  pilots  Interviewed  offered  critical  comments  on  the 
adequacy,  location,  and  operation  of  adjustable  seat  latching  mechanisms.  This 
major: ty  of  pilots/flight  Instructors  related  seat  slippage  Incidents  which 
they  or  their  students  had  experienced.  Fortunately,  none  of  their  occurrences 
had  resulted  in  an  accident. 

Pilots  stated  that  because  of  the  large  number  of  slippage  Incidents,  the 
seat  latch  mechanism  should  incorporate  a positive  lock  feature  which  should 
he  detectable  by  feel  and/or  sight.  A possible  design  to  accomplish  this 
would  consist  of  a sloped  Indentation  on  the  front  side  of  each  spring  loaded 
hold  position  and  a projecting  ridge  behind  each  hold  position.  The  cross- 
bolt  locking  lever  would  then  he  caught  in  the  next  detent  position  aft  of  the 
starting  point.  There  was  no  specific  preference  for  location  of  the  fore/aft 
seat  adjustment  latch  other  than  to  standardize  the  location.  In  addition, 
the  majority  of  pilots  Interviewed  expressed  the  opinion  that  seat  adjustment 
lever  actuation  should  be  standardized,  citing  the  variety  of  existing  systems 
that  require  either  a push,  pull,  press  or  lift  motion  of  the  adjustment  lever 
to  position  the  seat. 
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ACCIDENT  DATA. 


A review  of  the  NTSB  accident  data  for  the  period  1970-1974  (reference  13) 
revealed  seat  slippage  as  a contributing  factor  In  26  aircraft  accidents, 
Including  two  that  were  fatal. 

The  accident  data  for  seat  slippage  problems  are  sparse,  and  as  shown  by  the 
pilot  survey  they  do  not  represent  the  actual  number  of  seat  slippage  Incidents. 
The  reason  for  this  difference  la  that  this  occurrence  does  not  ordinarily 
result  In  a reportable  accident.  An  improperly  latched  seat  can  cause  the  seat 
to  slip  or  slide  rearward  to  a position  where  the  pilot,  unable  to  maintain 
foot  contact  with  the  rudder  pedals,  may  lose  directional  control  of  the  air- 
craft. 

In  the  worst  accident  case  studied,  seat  slippage  during  the  cllmbout  phase 
of  flight  resulted  In  the  pilot's  seat  sliding  to  Its  rearmost  position  at 
which  point  the  seat  back  failed.  Since  Che  pilot  still  clung  to  the  yoke, 
clie  aircraft  pitched  up,  stalled,  and  crashed.  The  pilot  sustained  fatal 
injuries,  and  the  aircraft  was  destroyed. 

In  another  accident  Involving  an  airplane  flown  from  the  right  seat,  the 
Investigator's  report  revealed  a hazardous  condition  of  the  left  seat: 

"Moving  the  left  front  seat  fore  and  aft  show^  that  when  the  seat  was  near 
full-forward,  the  upper  left  corner  of  the  seat  bumped  against  the  upholstered 
doorframe.  The  seat  could  only  be  moved  to  the  most  forward,  locked  position 
by  forcing  it. 

"Examination  of  the  left  front  seat  showed  the  upper  left  side  was  bent  Inward. 
The  forward  left  housing  for  the  seat  roller  was  bent,  anr'  the  roll  pin  which 
locks  the  seat  to  the  rail  was  tapered  and  brightly  polished.  The  holes  In 
the  rails  were  elongated  fore  and  aft.  When  the  seat  was  pushed  forward, 
the  roll  pin  would  not  completely  enter  the  hole  and  secure  Che  seat.  When 
a moderate  amount  of  side  or  aft  pressure  was  applied,  the  seat  would  slide 
aft  to  the  rear  scop. 

"Since  purchase,  the  owner  had  flown  Che  aircraft  23  hours.  During  this  time 
he  noted  it  was  difficult  to  lock  Che  left  seat  in  place,  and  at  times  during 
flight,  the  left  seat  would  slide  aft  without  being  unlatched.  For  this  reason 
Che  pilot  decided  to  fly  the  charter  trip  from  the  right  seat." 

Although  the  left  seat  was  not  a direct  cause  of  the  accident.  It  Is  interest- 
ing Co  note  Chat  the  owner/pilot  was  well  aware  of  the  severity  of  the  condi- 
tion of  the  latching  mechanism. 

DISCUSSION. 

With  frequent  adjustment,  aircraft  seat  latches  and  seat  Cracks  are  subject 
to  great  wear.  Forward  seats  are  positioned  and  repositioned  not  only  to 
accomodate  pilot  size,  they  are  also  moved  Co  facilitate  the  entry  and  exit 
of  rear  seat  passengers.  The  team's  Inspection  of  a variety  of  single  engine 
aircraft  at  several  local  airports  confirmed  the  wear  of  the  adjustment  hardware. 


28 


Although  seat  locking  mechaaisma  may  work  in  a satisfactory  manner  during 
certification  tests,  a deterioration  of  the  seat  latch  and  track  systems 
through  normal  use  can  result  In  seat  slippage  accidents  and  Incidents. 

The  most  noticeable  deterioration  evidenced  was  that  of  the  seat  track.  In 
addition  to  a deep  scoring  of  the  track  upper  surfaces « the  circular  detents 
were  elongated.  The  seat  legs  of  two  aircraft  were  bent,  and  a sideward 
force  exerted  on  the  seats  dislodged  the  seat  leg  from  the  track. 

Because  of  the  number  of  circular  detents  provided  In  the  seat  track  to  accom- 
modate variations  In  pilot  size  and  leg  length.  It  should  be  expected  that  if 
Che  seat  locking  rod  falls  Co  hold  in  one  detent,  the  seat,  sliding  rearward, 
would  engage  the  next  detent  and  hold.  However,  given  a combination  of  worn 
detents,  bent  tracks  or  seat  legs,  or  weak  spring  locks  and  a sufficient  for- 
ward acceleration,  Che  seat  can  slide  Co  Its  rearmost  position  without  engaging 
any  of  the  detents. 

If  this  dues  happen,  Che  pilot,  caught  unaware,  can  lose  physical  contact  with 
the  yoke,  rudder  pedals  and  power  controls,  or  worse,  If  airborne,  experience 
the  pitch  up,  stall  accident  mentioned  previously. 

It  Is  much  easier  to  examine  Che  seat  Cracks,  detents,  and  supporting  seat 
structures  of  high  wing  aircraft  than  those  of  low  wing  aircraft.  The  pilot 
has  the  advantage  of  standing  outside  Che  aircraft  and  getting  a clear  view 
of  these  structures.  The  provision  of  doors  on  both  sides  of  Che  aircraft 
makes  the  inspection  task  Chat  much  easier.  However,  In  neither  Che  high 
nor  the  low  wing  aircraft  does  the  pilot  have  Che  capability  of  examining 
the  condition  of  the  spring  loaded  tod  ends  that  snap  Into  the  detents,  since 
Chat  part  of  the  rods  is  completely  obscured  by  Che  seat  roller  guide  assembly. 
To  inspect  the  retractable  rod  end  for  wear,  malformation,  or  fracture  requires 
Che  complete  disengagement  and  removal  of  the  seat  from  the  tracks.  Needless 
to  say,  none  of  Che  pilots  Interviewed  went  to  this  extent  in  preflighting 
an  aircraft.  A few  pilots  said  they  made  routine  checks  of  the  detents  to 
insure  that  there  was  no  accumulation  of  dirt.  Most  pilots  said  they  relied 
on  the  preflight  technique  of  exerting  back  pressure  against  the  seat  once 
It  had  been  adjusted  to  ICn  desired  position. 

With  but  one  exception,  no  Innovative  design  changes  to  seat  latch  or  locking 
mechanisms  were  noted  during  Che  team  inspection  of  current  production  aircraft. 
The  exception  was  one  manufacturer's  installation  of  an  adjustable  metal  stop 
or  limiter  for  scat  travel  as  part  of  the  double  seat  Crack,  with  both  tracks 
lockable  rather  Chan  only  one  as  in  earlier  aircraft.  With  this  new  design, 

If  the  seat  slips  back  from  its  positioned  detent,  Che  stop  prevents  Che  seat 
from  sliding  to  Its  rearmost  position.  The  chief  engineer  said  that  should 
the  seat  slip  backward,  the  pilot  might  lose  contact  with  the  rudder  pedals, 
but  the  stop  still  would  allow  him  access  to  the  yoke  and  power  controls. 
Furthermore,  the  use  of  twin  locking  tracks  makes  even  this  degree  of  slip 
unlikely. 
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This  and  similar  designs  for  cockpit  components  enhance  aircraft  safety,  and 
exceed  the  minimum  certification  requirements.  But  It  Is  dlr.curblng  that  under 
some  possible  Interpretations,  there  are  no  minimum  FAR  requirements  for  seat 
latches  and  locking  mechanisms. 

A proposal.  ARP  1318.  for  General  Aviation  Seat  Design  Is  contained  In 
appendix  B.  The  document.  "Cockpit /Cabin  Standardization;  General  Aviation 
Aircraft,"  was  prepared  and  approved  by  the  SAE  Committee  A-RS.  on 
October  21.  1973.  The  ARP  recommends  adjustable  seats  with  provisions  for 
vertical,  angular,  and  fore  and  aft  seat  adjustment.  The  proposal  recommends 
that  the  fore  and  aft  seat-adjusting  mechanism  be  designed  to  insure  against 
Inadvertent  actuation,  either  by  the  occupant  or  by  Inertia  forces  to  extreme 
fore  or  aft  positions  during  normal  or  emergency  flight  conditions.  The  ARP 
also  recommends  a standard  location  of  the  seat  actuation  control. 

The  proposed  recommendations  of  ARP  1318,  In  conjunction  with  the  accident  data 
and  pilot  comments  on  seat  slippage  incidents,  attest  to  the  fact  that  inadver- 
tent seat  slippage  Is  a potential  cause  of  aircraft  accidents.  The  proposed 
recommendations  are  most  relevant  and  worthy  of  consideration  for  a more  con- 
cise definition  of  seat  and  berth  requirements.  As  mentioned  previously,  SAE 
ARP *8  are  advisory  only,  and  their  use  by  anyone  engaged  In  Industry  or  trade 
Is  voluntary.  The  SAE  terminated  the  A-23  Committee  before  a final  approved 
version  of  ARP  1318  could  be  published.  The  document  Is  not  listed  In  the 
August  1976  numerical  index  of  current,  new,  and  revised  ARP's. 

RECOMMENDATIONS. 

Adjustable  seats  should  be  required  to  have  a positive  seat  locking  device  to 
prevent  the  seat  from  Inadvertently  slipping  from  Its  adjusted  position.  The 
pin  In  or  "lock"  position  of  the  adjusting  lever  should  be  clearly  different 
from  the  unlocked  or  "adjust"  position,  so  that  the  pilot  can  tell  by  sight 
and  feel  whether  or  not  the  seat  Is  locked  or  secured  In  the  detent.  In  any 
event,  the  seat  should  not  be  able  to  suddenly  move  to  an  extreme  position 
from  which  the  pilot  can  not  reach  the  power  or  flight  controls. 


DOOR  HANDLES  AND  LATClllNG/LOCKING  MECHANISMS 


THE  PROBLEM. 

General  aviation  aircraft  accidents  have  occurred  because  the  aircraft  cabin 
door  opened  In  flight.  The  causes  have  been  attributed  to:  (1)  pilot  failure 
to  Insure  that  the  door  was  secured  properly,  either  through  neglect  or 
unfamiliar Ity  with  the  door  latching  mechanism,  (2)  a type  of  door  latch  which 
precludes  a visual  check  that  the  door  Is  properly  closed  and  locked,  and/or 
(3)  a latchlng/locklng  mechanism  defective  or  worn  from  normal  use,  which  falls 
to  hold  the  door  locked  under  conditions  of  airloads,  turbulence,  or  vibration. 
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RELEVANT  FACTORS 


The  inflight  door  opening,  while  not  catastrophic  in  Itself,  csn  create  a 
stress  situation  for  the  pilot.  While  concentrating  on  the  problem  of  the  open 
door,  he/she  may  fall  to  maintain  flying  speed  and  stall  or  lose  control  of  the 
aircraft.  The  literature  and  accident  data  on  inflight  door  openings,  as  in 
seat  slippage  accidents,  are  sparse.  Information  which  is  available  shows  that 
many  accidents  Involving  inflight  door  opening  occurred  when  the  pilot  either 
attempted  a panic  abort  of  the  takeoff,  or,  if  already  airborne,  made  a pre- 
cipitous return  to  the  airfield.  In  the  first  type,  the  aborted  takeoff  either 
resulted  in  the  aircraft  overrunning  the  runway,  or  because  of  heavy  braking, 
a tire  failed  and  the  aircraft  ground-looped  or  swerved  off  the  runway.  In  the 
other  type,  pilots  overly  anxious  to  make  a precautionary  landing  forgot  to 
lower  the  landing  gear  or  made  a poor  approach/landing  and  swerved  off  the  run- 
way with  resultant  damage  to  the  aircraft. 

Newer  aircraft  owner's  manuals  list  the  item  "Doors  and  Wlndows-Loclc"  in  the 
before  takeoff  checklist,  but  a study  of  older  manuals,  1967  to  1972,  disclosed 
a lack  of  information  pertaining  ti.  normal  door  locking  procedures  or  emergency 
procedures  to  contend  with  a door  opening  In  flight.  In  contrast  with  approved 
airplane  flight  manuals,  the  Information  contained  in  aircraft  owners  manuals 
is  not  FAA  approved  (FAR  23.1581,  reference  1). 

The  following  information  was  provided  in  a 1967  owners  manual  under  "Emergency 
Procedures." 

"Unlatched  Door  in  Flight.  If  the  cabin  door  is  not  locked,  it  may  come 
unlatched  in  flight.  This  usually  occurs  during  or  Just  after  takeoff.  The 
door  will  trail  in  a position  approximately  3 inches  open,  but  the  flight 
characteristics  of  the  airplane  will  not  be  affected.  Return  to  the  field  in 
a normal  manner.  If  practicable,  during  the  landing  flareout  have  a passenger 
hold  the  door  to  prevent  it  from  swinging  open. 

In  an  emergency,  it  is  possible  to  close  the  door  in  flight  as  follows: 

1.  Slow  to  approximately  90  mph  (78  knots)  Indicated  air  speed  (IAS). 

2 Open  the  storm  window  to  reduce  cabin  air  pressure. 

3.  Bank  steeply  to  the  right. 

4.  Simultaneously  apply  left  rudder  (which  will  result  in  a slipping 
maneuver)  and  reach  over  and  close  the  door. 

Tn  1975,  GAMA  representatives  published  a draft  specification  for  use  in  pre- 
paring pilots'  operating  handbooks  (POH).  The  specification  provides  broad 
guidelines  for  preparing  handbooks  for  all  types  of  general  aviation  aircraft, 
excluding  Jets,  under  12,500  pounds.  There  is  no  doubt  that  the  specification 
is  a major  achievement  in  industry  standardization  of  pilot  handbooks,  and  it 
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Is  a document  which  provides  the  aircraft  owner  excellent  operational  Informa- 
tion In  useful  form.  The  draft  specification  for  POH's  has  a section  of  the 
text  devoted  to  "Description  and  Operation  of  the  Airplane  and  Its  Systems" 
and  Includes: 

"Doora,  Windows,  and  Exits. 

1.  Describe  how  to  operate  and  lock  doors,  windows,  and  exits. 

2.  Explain  any  procedures  or  warnings  necessary  for  the  doors,  exits, 
windows,  or  windshield  wipers. 

3.  Discuss  how  Co  close  a door  or  window  If  it  opens  accidentally  In 
flight  and  any  restrictions  there  may  be  on  purposely  opening  In  flight. 

4.  Give  precise  instructions  for  using  emergency  exits." 

This  type  of  information,  much  of  which  was  not  available  In  older  aircraft 
manuals,  can  enhance  the  pilot's  knowledge  of  his  aircraft  systems  and 
equipment.  The  knowledge  of  how  to  cope  with  the  open  door  situation  can 
alleviate  Che  initial  stress  accompanying  this  type  of  emergency,  and  could 
make  the  difference  between  a safe  precautionary  landing  and  one  which  results 
in  an  accident. 

Nevertheless,  the  excellent  and  expanded  Information  provided  by  GAMA's 
revised  pilot  operating  handbooks  is  not  the  complete  answer.  The  Information 
supplied  recognizes  Chat  doors  can  open  In  flight,  either  because  of  pilot 
fallibility  or  equipment  problems.  The  procedure  to  correct  the  situation 
then  becomes  an  "after  the  fact"  solution. 

The  variety  of  aircraft  door  handles,  shapes,  location,  door  latching  mechan- 
isms, and  methods  of  actuation,  coupled  with  the  minimal  requirements  for  doors 
specified  In  FAR  23.783,  emphasizes  the  need  for  standardization  and  design 
improvements  to  minimize,  If  not  completely  eliminate,  the  inflight  open 
door  problem. 

ACCIDENT  DATA. 

Fifty-nine  of  82  (72  percent)  of  the  pilots  inter'/iewed  by  the  project  team 
commented  on  the  lack  of  standardization  of  general  aviation  aircraft  door 
latching /locking  mechanisms.  At  one  time  or  another,  these  pilots  experienced 
door  openings  In  flight.  Pilots  cited  lack  of  standardization  in  the  logic 
of  latchlng/locklng  operation,  the  Inadequacy  of  the  latching/locking  mechanism, 
and  the  lack  of  a visual  indication  to  confirm  that  the  cabin  door  is  locked. 

The  n<tmber  of  aircraft  accidents  in  which  Inadvertent  inflight  door  opening 
Is  a contributing  factor  is  not  representative  of  the  actual  niimber  of  open 
door  Incidents.  In  many  cases,  as  attested  to  by  the  pilots  and  instructors 
interviewed,  the  pilot  performs  sttccessEully  the  necessary  procedures  to  get 
the  door  closed  and  continues  the  flight,  or  lands  safely.  Other  than 
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the  pilot  sampling  and  Interview  technique  ec^loyed  In  this  project,  there 
Is  no  method  by  which  one  can  determine  the  actual  number  of  Inflight  door 
openings  which  do  not  result  In  accidents  or  Incidents. 

An  NTSB  survey  (reference  24)  of  the  7-year  period  between  1968  and  1974 
disclosed  chat  63  Inflight  door  openings  caused  38  precautionary  landings 
and  that  door  opening  was  a contributing  factor  In  7 fatal  accidents  in  which 
19  people  were  killed.  The  accident  data  revealed  that  an  average  of  at  least 
five  accidents  per  year  (1970  to  1974)  were  related  to  inflight  door  openings. 

Two  examples  of  Inflight  door  accidents  follow. 

The  pilot,  owner  of  a newly  purchased  aircraft,  planned  a local  visual  flight 
rules  (VFR)  flight.  Preflight  and  runup  were  normal,  but  Just  as  the  aircraft 
became  airborne.  Its  door  popped  open.  The  pilot,  a veteran  of  1,000  hours 
in  type,  elected  to  return  to  the  airfield,  land  and  correct  the  problem. 
However,  while  turning  on  to  final  approach,  the  aircraft  apparently  stalled 
and  fell  50  feet.  It  struck  Che  ground  200  feet  shore  of  the  runway,  hit 
a 15  foot  high  tree.  Its  left  wing  dug  Into  the  sand,  Chen  the  right  wing 
struck  the  ground.  The  plane  ground  looped  and  skidded  another  100  feet. 

The  aircraft  was  a total  loss  (reference  25). 

The  pilot  was  enroute  to  his  destination  and  approaching  the  airfield  whan 
the  cabin  door  opened.  Because  of  excessive  vibration,  the  pilot  thought  that, 
in  addition  to  the  open  door,  he  was  having  engine  problems.  He  shut  down 
one  engine  but  Che  vibration  continued.  The  pilot  attempted  to  gain  altitude, 
but  with  the  excessive  noise  and  vibration,  he  was  concerned  that  he  might 
stall  the  aircraft.  The  pilot  stated  he  could  not  maintain  level  flight  and 
keep  up  his  airspeed.  His  attempt  to  reach  the  airport  runway  failed 
(reference  26). 

Both  pilots  had  over  1,000  hours  In  type,  which  implies  they  were  well 
acquainted  with  the  equipment,  systems,  and  features  of  their  aircraft. 

DISCUSSION. 

Recommendations  for  new  door  handle,  latch,  and  locking  system  designs  are 
not  within  the  scope  of  this  study.  The  design  features  discussed  will  provide 
the  reader  with  an  appreciation  of  the  variety  of  handle,  latch,  and  locking 
mechanisms  In  current  general  aviation  aircraft,  and  how  they  may  be  related 
Co  the  inflight  open  door  problem.  (The  latching  mechanism  prevents  the 
cabin  door  from  opening  when  closed  and  latched.  The  locking  mechanism  gen- 
erally prevents  the  Inadvertent  opening  of  the  latching  mechanism.) 

Design  improvements  over  the  years  have  Included  placement  of  Che  door  handle, 
in  Its  locked  position,  In  such  a manner  as  to  preclude  Inadvertent  opening 
of  the  door  through  arm,  elbow,  or  body  contact  of  the  pilot  or  passenger. 
Close-lock  or  backup  lock  systems  are  similar  to  Chose  found  In  automobiles. 
These  systems  feature  a duor  handle  to  close  the  door  with  a separately  placed 
push-pull  button  or  rotating  lever  to  lock  the  door.  Also,  the  dual  function 


system  may  be  Incorporated  solely  in  the  handle,  with  some  form  of  rotational 
action  to  close  the  door,  and  an  extra  pivotal  action  to  lock  It.  The  design 
philosophy  is  that,  in  the  event  the  cabin  door  becomes  unlatched  In  flight, 
the  secondary  lock  feature  will  prevent  It  from  fully  opening.  Another  design 
change  has  been  the  provision  for  door  handle  insets,  making  the  handle  flush 
with  the  door  Interior  to  eliminate  the  handle  projection  as  an  Injurious 
object  In  the  event  of  a minor  crash  landing,  and  to  Inhibit  Inadvertent 
opening  by  an  occupant's  clothing.  Some  of  the  older  rotatable  automobile 
type  handles  have  been  replaced  with  a large  square  or  rectangular  metal  tab 
that  Is  flush  with  the  door  Interior.  As  a rule,  this  type  of  door  handle  Is 
pulled  in  toward  the  cabin  interior  to  open  the  door.  Tlie  result  is  not  to 
physically  move  the  door,  but  simply  to  retract  the  latch  mechanism  from  its 
holder  so  that  the  door  can  open.  In  addition  to  this  type  of  action,  there 
are  variations  on  clockwise  and  counterclockwise  handle  motions  either  to  shut 
or  to  open  cabin  doors. 

The  prevailing  design  for  door  latches  Is  that  of  a straight  tod  or  beveled 
bolt  (tongue  or  tenon),  similar  to  that  found  In  common  household  doors. 

The  action  of  the  door  handle  Is  to  retract  or  deploy  the  tenon  from  or  into 
the  bolt  holder  (mortise).  This  simplified  system  latches  but  does  not  lock 
the  cabin  door,  and  Is  a common  system  In  the  general  aviation  fleet. 

Locking  systems  generally  function  by  one  of  three  methods! 

1.  The  tenon  itself  is  locked  and  immovable  in  the  mortise.  This  type  Is 
found  in  the  dual  purpose  close-lock  door  handle. 

2.  The  door  handle  Is  made  Inoperative  by  a separate  lock.  The  automobile 
pushdown  button  lock  exemplifies  this  type  of  locking  mechanism. 

3.  A separate  locking  latch  may  lock  the  door  but  neither  Immobilizes  the 
tenon  nor  renders  the  door  handle  inoperative.  Such  a latch  usually  hooks  onto 
a heavy  duty  metal  staple  accessory. 

If  the  door  Is  not  closed  or  latched  properly,  l.e.,  with  the  tenon  positioned 
securely  within  the  mortise,  the  locking  mechanism  for  methods  1 and  2 typi- 
cally is  ineffective  and  a hazardous  situation  may  exist  when  the  aircraft 
Is  airborne. 

Project  team  examination  of  three  manufacturers'  production  aircraft  disclosed 
several  Innovations  In  cabin  door  hardware.  With  minor  exceptions,  the  modi- 
fied design  features  verify  the  manufacturers'  awareness  of  the  Inflight  open 
door  problem,  and  their  endeavors  to  minimize  that  type  of  occurrence. 

Some  of  the  features  noted  were  double  latching  points  In  the  cabin  door,  dual 
action  door  handles,  e.g.,  push-button  and  turn  handle,  and  dual  function 
door  handles  which  Incorporate  a close- lock  capability.  Locations  of  door 
handles,  types  of  handle  action,  and  locking  mechanisms  vary  from  one  aircraft 
manufacturer  to  another.  However,  taking  Into  consideration  the  constraints 
Imposed  by  the  aircraft  door  assembly,  each  manufacturer  seems  to  have  attempted 
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a standardization  of  door  hardware  within  the  particular  line  or  model  of  air- 
craft. For  example,  one  aircraft  company  employs  the  same  type  of  door  handle, 
handle  action,  location,  and  locking  mechanism  In  the  majority  of  its  aircraft 
models.  An  exception  to  this  standardization,  pointed  out  by  the  chief  engineer, 
was  on  Its  smallest  aircraft,  where  the  thickness  of  the  door  was  not  sufficient 
to  house  the  otherwise  standard  door  handle  assembly.  Using  the  standard  assem- 
bly would  necessitate  making  each  door  one-half  inch  thicker  with  a resultant 
one  inch  decrease  in  the  Interior  cabin  width. 

It  would  be  Ideal  if  all  handles,  handle  action,  and  locking  mechanisms  were 
consistent  across  the  spectrum  oi  general  aviation  aircraft.  This,  of  course, 
is  difficult  given  the  multitude  of  different  model  aircraft.  Regardless 
of  the  variety  of  door  handles,  latches,  and  locking  mechanisms,  what  is 
needed  Is  a positive  Identification  by  the  pilot,  that  the  door  Is  indeed 
closed  and  locked. 

No  organized  data  were  available  which  isolated  specific  reasons  for  cabin  doors 
opening  In  flight.  A review  of  the  accident  records  revealed  pilot  failure 
to  check  the  cabin  door  security  or  faulty  lock/latch  mechanisms  as  causes  for 
the  door  opening.  Pilot  statements  described  how  they  had  closed  the  cabin 
door  but  neglected  to  check  Its  security.  It  Is  common  practice  for  pilots 
to  push  against  the  cabin  door  or,  If  occupying  the  right  seat  as  a flight 
instructor,  push  heavily  with  their  shoulder  against  the  door  to  Insure  door 
security.  Making  use  of  this  technique  underscores  the  fact  that  the  pilot 
has  no  visual  means  to  assure  that,  having  closed  the  door,  it  is  positively 
closed  and  locked. 

Project  team  members  used  the  shoulder-agalnst-the-door  technique  In  the  exam- 
ination of  various  light  aircraft.  Cabin  doors  were  closed  and  appeared  to  be 
locked.  But  In  two  aircraft,  the  application  of  shoulder  pressure  against 
the  doors  produced  occasional  openings.  Company  personnel  explained  that 
the  occurrence  might  be  attributed  to  the  newness  of  the  aircraft,  l.e.,  a 
tight  door  seal.  Notwithstanding  this  explanation,  the  fact  remains  that  a 
visual  check  alone  for  door  security  was  not  adequate. 

The  regulation  governing  doors  for  transport  category  aircraft  is  FAR  25.783 
(reference  27).  The  regulation  requires  a means  to  lock  and  safeguard  doors 
against  opening  In  flight.  The  means  of  opening  must  be  simple,  obvious, 
and  readily  located  and  operated.  There  must  be  a provision  for  direct  visual 
Inspection  of  the  locking  mechanism  to  insure  that  the  door  Is  locked.  Also, 
each  external  door  must  be  capable  of  being  opened  from  both  the  Inside  and 
outside.  This  last  requirement  was  not  considered  previously  by  the  team,  but 
its  Importance  for  Part  23  aircraft  was  stressed  by  an  accident  investigator 
from  a General  Aviation  District  Office.  He  stated  that  locked  doors  of  many 
current  general  aircraft  cannot  be  opened  from  the  outside  causing  a perilous 
situation  if  the  occupants,  because  of  injuries,  are  unable  to  open  the  cabin 
doors  from  the  inalde  and  rescuers  are  unable  to  open  the  door(B)  from  the 
outside. 
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REC(»1MENDATI0NS . 


f-  • 


Consideration  should  be  given  to  regulatory  or  other  design  practice  action 
to  require  positive  door  latch/locklng  mechanlsins.  Means  should  be  provided 
to  allow  direct  visual  Inspection  to  Insure  door  security,  and/or  preclude 
locking  of  a door  that  Is  closed  but  not  securely  latched • It  should  be 
possible  to  open  the  door  from  the  outside. 


FUEL  MANAGEMEKT 


THE  PROBLEM. 

A survey  of  current  FAR  23  aircraft  revealed  a marked  lack  of  standardisation 
in  fuel  systems.  NTSB  reports  document  fuel  system  mismanagement  by  the  pilot 
as  a major  cause  of  accidents  with  both  fuel  starvation  and  fuel  exhaustion 
being  frequent  findings  of  cause.  The  present  nonstandard  fuel  systems,  con" 
slating  of  the  tank  selector  control,  Its  associated  marking,  and  the  fuel 
quantity  Indicators,  do  not  provide  optimum  protection  against  pilot  error. 

RELEVANT  FACTORS. 

Seventy*  '.wo  percent  of  the  pilots  and  flight  instructors  interviewed  during 
this  study  commented  adversely  on  the  nonstandard  fuel  systems  and  components 
that  are  prevalent  In  today's  general  aviation  fleet.  Those  comments  ware 
directed  specifically  to  the  fuel  selector  control>-lts  location,  accessibility) 
markings,  construction,  and  operation  logic*— and  the  fuel  quantity  Indicators— 
location,  accuracy,  legibility,  and  markings. 

Subsequent  to  the  data  collection  phase,  the  team  conducted  field  Inspections 
of  a variety  of  general  aviation  aircraft  manufactured  since  1968  and  confirmed 
the  reported  lack  of  standardization  of  fuel  systems. 

ACCIDENT  DATA. 

A study  by  the  NTSB  of  accidents  involving  engine  fallure/malfunctlon  fur 
the  years  1965  through  1969  revealed  the  pilot  in  couimand  as  a probable  cause 
or  a related  factor  In  52  percent  of  the  engine  failure  accidents,  with  mis- 
management of  fuel  cited  as  a predominant  factor  (reference  28).  Mismanage- 
ment of  fuel,  by  NTSB  definition,  is  any  act  of  omission  or  commission  by 
the  pilot,  with  reference  to  fuel  or  the  fuel  system,  considered  causative 
in  the  accident. 

The  study  showed  that  19.3  percent  of  4,310  engine  failure  accidents  had  been 
caused  by  fuel  starvation.  Fuel  starvation  Is  defined  as  the  Interruption, 
reduction,  or  complete  termination  of  fuel  flow  to  the  engine  although  ample 
fuel  for  normal  operation  Is  available  aboard  the  aircraft. 
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NTSB  conducted  a aecond  special  study  (reference  29)  concerning  accidents 
related  to  engine  fallure/malfunctlon  and  fuel  starvation^  and  the  results  of 
these  studies  led  to  the  formation  of  the  Fuel  System  Standardization  Committee 
by  GAMA.  Working  closely  with  the  FAA  and  NTSB,  the  conmlttee's  objectives 
were  to  standardize,  where  possible,  and  simplify  future  aircraft  fuel  aystems. 
This  action  culminated  In  a draft  document  which  proposed  changes  to  FAR  23.777 
through  23.781,  and  suggested  standardised  limits  and  nomenclature  for  fuel 
selector  valves  and  other  components  of  aircraft  fuel  systems.  The  draft 
proposal  and  related  documentation  are  contained  In  appendix  C. 

This  second  special  study  was  conducted  by  the  NTSB  to:  Identify  the  most 
frequent  causes  of  fuel  starvation  accidents,  examine  factors  Involved,  and 
propose  remedial  action  to  reduce  the  number  of  fuel  starvation  accidents. 

An  AGFA  analysis  of  the  report  (reference  29)  Is  shown  as  appendix  D.  It 
concluded : 

"While  87  percent  of  the  fuel  starvation  accidents  were  attributed  to  opera- 
tional problems,  the  problems  were  not  Independent  of  the  factors  which 
influenced  or  caused  them."  Design  associated  factors  cited  were: 

1.  Owner  manuals  which  often  lack  detailed  Information  on  fuel  management 
and  fuel  system  purging  operations. 

2.  Fuel  systems  which  require  tank  switching  In  order  to  manage  the  fuel 
supply  properly. 

3.  Fuel  selector  valves  with  handle  design,  mode  of  operation,  or  tank  dis- 
play which  may  be  conducive  to  mlsposltloning. 

4.  Placement  of  engine  controls  and  similarity  of  appearance  which  may  be 
conducive  to  Improper  use. 

A NAFEC  review  of  NTSB  general  aviation  accident  data  for  the  years  1970-1974 
(reference  13)  showed  Its  similarity  to  data  reported  previously  for  '"he  years 
1965  through  1969.  The  1970-1974  accident  data  revealed  4,954  engine  failure/ 
malfunction  accidents  Including  1,255  attributable  to  fuel  mismanagement.  Of 
these  accidents,  832  were  caused  by  fuel  starvation.  Including  31  accidents 
in  which  the  fuel  selector  valve  was  positioned  between  tanks,  a design- 
associated  factor  mentioned  in  the  NTSB  report.  The  4,954  accidents  consisted 
of  386  fatal,  593  serious,  and  1,072  minor  Injury  accidents  with  959  aircraft 
destroyed,  and  3,990  substantially  damaged. 

DISCUSSION. 

PAR  23.777(f)  states:  "Each  fuel  feed  selector  control  must  be  located  and 
arranged  so  that  the  pilot  can  see  and  reach  it  without  moving  any  seat  or 
primary  flight  control  when  his  seat  is  at  any  position  in  which  it  can  be 
placed . " 

It  is  reasonable  to  Interpret  this  requirement  as  meaning  that  the  location 
must  be  such  as  to  permit  convenient  operation  by  either  pilot  in  a dual-control 
aircraft,  since  the  pilot  may  be  seated  In  either  control  position.  In  an 
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emergency  or  in  a training,  situation,  the  right  seat  pilot  In  a side-by-side 
arrangement  may  need  to  operate  any  vital  cockpit  control.  In  a few  aircraft 
models,  one  such  control  that  presently  is  inaccessible  to  the  Instructor/ 
copilot  Is  the  fuel  selector. 

Unfortunately,  FAR  23.777(f)  has  been  interpreted  in  the  certification  pro- 
cess to  allow  mounting  the  fuel  selector  control  on  a cockpit  sidewall.  Gen- 
erally, such  side  mounted  selectors  do  not  conform  to  what  is  considered  good 
human  engineering  practice,  in  that  they  do  not  preserve  natural  relations. 
Mounted  on  the  side,  for  example,  the  pointer  does  not  point  to  the  right 
when  the  right  wing  tank  la  selected.  Furthermore,  FAR  23.995(a)  states  that 
there  must  be  a means  to  alli)w  flight  crew  members  to  rapidly  shut  off,  in 
flight,  the  fuel  to  each  envlne  individually,  and  (b)  that  there  must  be  a 
means  to  guard  against  inadvertent  operation  of  each  shutoff  valve, 

FAR  23.1337(f)  "Powerplant  Instruments"  requires  a means  to  indicate  fuel 
quantity.  Unfortunately,  there  Is  a marked  lack  of  standardization  in  the 
systems  that  are  used.  Some  aircraft  have  one  gauge  for  each  tank,  while 
others  share  one  gauge  for  several  tanks  and  provide  a switch  ao  that  the 
pilot  may  obtain  a reading  on  the  level  of  each  tank  in  turn.  Still  other 
aircraft  have  a fixed  relation  between  the  fuel  tank  selector  control  and  the 
fuel  gauge  selector  control  whereby  it  is  necessary  to  switch  fuel  flow  to 
a particular  tank  to  obtain  an  Indication  of  the  amount  of  fuel  remaining 
in  that  tank.  This  diversity  can  cause  misunderstanding,  A fuel  system  dia- 
gram posted  adjacent  to  the  selector  control  would  minimize  confusion  of  fuel 
tank  usage.  General  simplification  of  the  fuel  system  should  be  encouraged. 

In  1968,  a study  (reference  30)  was  conducted  at  NAFEC  to  design  a fuel 
selector  control  that  conformed  with  good  human  engineering  practice.  It 
recommended i (a)  the  selector  handle  should  be  the  pointer  to  prevent  mis- 
reading of  the  selection,  (b)  that  natural  relations  be  used  in  pointer  direc- 
tions) e.g.  I right  i')r  right  tank,  forward  for  all  tanks,  rear  for  shutoff, 
etc,,  (c)  that  the  OFF  poaition  be  at  least  90®  away  from  any  tank  selection 
position,  and  (d)  that  in  dual  control  aircraft,  both  pilots  have  easy  access 
to  all  fuel  controls. 

The  GAMA  fuel  valve  selector  control  committee  proposed  design  guidance  addi- 
tions (appendix  C)  to  the  present  regulations  for  FAR  23  aircraft.  They 
Include: 

"Operating  motion  of  the  handle  shall  be  to  the  right  for  right  hand  tanks, 
to  the  left  for  left  hand  tanks,  and  extreme  left  or  aft  for  OFF.  All  other 
tank  selections  shall  be  between  left  and  right  tank  position,  except  for  the 
crossfeed  position  on  Individual  engine  selector  valves  on  multiengine  air- 
craft which  shall  be  to  the  extreme  right  or  forward. 

The  Indication  at  to  the  fuel  valve  position  selected  shall  be  by  means  of  a 
pointer  and  shall  provide  a positive  Identification  of  the  position  selected. 

The  position  indicator  pointer  shall  constitute  or  be  located  on  the  maximum 
dimension  portion  of  the  handle  measured  from  the  center  of  rotation. 
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The  emergency  shut-off  valve  handle  shall  he  red.  If  the  fuel  selector  valve 
handle  Is  also  a fuel  shut-off  handle,  the  OFF  position  marking  shall  be  red. 

Fuel  selector  valve  position  placards  shall  be  Immediately  adjacent  to  the 
indicator  end  of  the  selector." 

These  additions  are  compatible  with  the  recommendations  of  the  NAFEC  study 
with  the  exception  that  the  GAMA  committee  proposed  no  change  to  FAR  23.777 
regarding  location  of  the  fuel  selector  control.  The  MAFEC  recommendation  for 
equal  access  by  both  pilots  in  dual-control  aircraft  Is  supported  by  the  fact 
that  many  dual-control  aircraft  manufactured  today  are  slde-by-slda  layouts 
with  fuel  stored  In  the  wings  and  have  the  fuel  selector  control  near  the  mld- 
llne  where  It  Is  equally  distant  from  Che  right  and  left  tanks,  and  visible 
to  and  accessible  by  both  pilots.  But  certain  products  of  one  large  manufac- 
turer have  the  control  located  on  the  left  sidewall  where  It  might  be  difficult 
for  Che  copilot  or  Instructor  to  see  the  selection  or  to  reach  It  In  an 
emergency.  No  compelling  structural  or  economic  reason  was  uncovered  to  rule 
out  requiring  relocation  near  the  midline  In  new  production  airplanes.  Hence, 
It  is  feasible  to  add  the  equal  access  requirement  to  the  GAMA  proposal. 

During  the  survey  phase  of  this  effort,  many  pilots  and  operators  reported 
that  the  accuracy  of  fuel  quantity  gauges  was  a problem.  As  required  by 
FAR  23.1337(b)l(l} , each  fuel  quantity  Indicator  must  be  calibrated  to  read 
zero  during  level  flight  when  Che  quantity  of  fuel  remaining  In  the  tank  Is 
equal  Co  the  unusable  fuel  supply.  Apparently  the  fuel  gauges  become  Inaccur- 
ate over  the  service  life  of  the  aircraft  and  are  not  readily  corrsctlble. 

This  could  trap  the  unwary  pilot  who  may  not  have  planned  sufficiently  his 
fuel  consumption  and  fuel  reserves. 

A further  addition  to  the  GAMA  proposal  should  be  a requirement  for  accuracy 
of  ftiol  quantity  gauges  when  such  Indicators  are  provided.  Since  the  greet 
rnsjor^y  of  new  aircraft  do  have  fuel  gauges,  and  these  gauges  are  thought 
to  be  accurate  when  new,  It  Is  suggested  that  a quality  standard  should  be 
added  to  Insure  that  the  gauges  retain  rhelr  accuracy  over  time.  The  shape 
and  production  tolerances  of  tanks  and  the  fuel  motion  effects  prevent  abso- 
lute accuracy,  but  It  Is  within  the  state-of-the-art  to  provide  gauges  that 
are  reasonably  accurate  and  that  can  be  serviced  as  required  to  preserve  that 
accuracy. 

RECOMMENDATION. 

It  Is  recommended  that  consideration  be  given  to  Implementing  the  GAMA  pro- 
posal for  FAR  23  fuel  system  standardization  with  the  additions  chat  the  fuel 
tank  selector  handle  must  not  pass  through  the  OFF  position  when  switching 
from  one  tank  to  another  and  should  be  accessible  to  both  pilots  In  a slde- 
by-slHe  aircraft.  Consideration  should  also  be  given  Co  the  adoption  of  a 
quality  standard  for  fuel  gauge  accuracy. 
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POWERPLANT  CONTROLS 


TH£  PROBLEM 

A significant  number  of  accidents  has  been  caused  by  Improper  operation  of 
the  powerplant  controls.  Tlie  cause  Is  attributed  to  pilots  moving  a wrong 
lever  or  power  control.  A contributing  factor  Is  the  variation  of  control 
location  and  arrangement  existing  In  FAR  23  aircraft. 

RELEVANT  FACTORS. 

Inspections  of  general  aviation  aircraft  disclosed  a lack  of  standardization 
In  the  location,  operation,  and  arrangement  of  powerplant  controls.  The  NTSB 
has  Identified  the  variability  of  control  location  and  arrangement  as  a con- 
tributing factor  in  a significant  number  of  engine  failure  accidents 
(reference  29) . 

The  lack  of  control  standardization,  which  contributes  to  pilot  error  accidents, 
has  been  reported  and  discussed  for  the  past  30  years,  but  only  within  the  past 
10  years  has  there  been  a conscientious  effort  (primarily  through  the  imple- 
mentation of  recommended  design  practices  rather  than  regulatory  action)  to 
apply  proven  human  engineering  design  concepts  to  powerplant  controls  in  general 
aviation  aircraft.  Selection  of  the  proper  control  Is  a matter  of  pilot  train- 
ing. Control  location,  Identification,  arrangement,  and  direction  of  motion 
are  a matter  of  design. 

In  an  analysis  of  460  actual  pilot  errors  In  operation  of  controls,  Fitts  and 
Jones  (reference  31)  Identified  six  basic  types  of  error.  In  one,  the  "oub'^' 
stitutlon"  type,  the  wrong  control  was  operated,  and  constituted  exactly 
50  percent  of  all  the  errors  Identified.  The  most  common  subtypes  of  errors 
under  that  general  category  were  confusion  of  throttle  quadrant  controls, 
confusion  of  flap  and  landing  gear  controls,  and  using  the  wrong  engine  controls 
or  feathering  button. 

The  investigative  efforts  and  results  of  powerplant  control  studies  by  the 
military,  SAE  committees,  FAA,  and  others,  are  numerous.  It  Is  very  clear 
that  they  show  a commonality  of  results  summarized  by  the  following  excerpt 
from  the  Aeronautical  Engineering  Review  (reference  32). 

"Control  location  and  coding...  There  are  two  effective  and  practical  means 
of  eliminating  control  confusion:  shape  coding  of  critical  knobs  to  permit 
tactual  discrimination  and  standardization  of  location  of  control.  By  the 
latter  la  meant  not  rigid  dlmenaional  standardization,  but  rather  that  a given 
control  always  be  in  the  same  area,  and  that  controls  be  In  the  same  position 
relative  to  each  other.  In  tests  using  typical  throttle  quadrant  controls, 

Ueltz  (reference  33)  definitely  demonstrated  the  value  of  both  of  those 
measures.  it  was  concluded  that  raalntulnit'.g  position  of  controls  la  of  primary 
importance,  yet  if  the  position  Is  changed  and  the  shape  of  the  handle  remains 
consfnnt,  little  loss  in  performance  la  encountered.  The  most  efficient  pro- 
cedur.-  is  to  maintain  both  position  and  shape  constant." 
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FAR  25.781  specifies  the  general  shapes  for  the  flap,  landing  gear,  supercharger, 
throttle,  RPM,  and  mixture  control  knobs.  Some  provision  for  control  arrange- 
ment Is  specified  in  FAR  25. 1149(d),  which  requires  the  propeller  speed  and 
pitch  controls  to  be  to  the  right  of,  and  at  least  1 Inch  below,  the  throttle 
controls, 

vnille  there  is  no  requirement  for  a specific  shape  or  arrangement  of  power- 
plant  controls  with  relation  to  each  other,  PAR  23.1147  "Mixture  Controls" 
states  In  part  that:  "...each  mixture  control  must  have  guards  or  must  be 
shaped  or  arranged  to  prevent  confusion  by  feel  with  other  controls." 

The  regulations,  as  written,  allow  for  considerable  flexibility  In  the  location 
and  arrangement  of  powerplant  controls.  On  the  basis  of  general  aviation 
accidents  attributed  to  Improper  operation  of  the  powerplant  controls, 
standardization  would  prove  effective  in  reducing  this  type  of  accident. 

More  than  50  percent  of  Che  pilot  and  flight  Instructors  Interviewed  related 
their  own,  or  student  experiences  of  control  confuslon/mlsuse  attributable 
Co  Inconsistencies  In  powerplant  arrangement,  location,  and  activation 
(table  A-2  of  appendix  A). 

ACCIDENT  DATA. 

The  NTSB  accident  data  for  the  years  1970  through  1974  (table  1)  show  4,954 
engine  failure  accidents.  Of  chls  number,  683  (13  percent)  were  caused  by 
improper  operation  of  the  powerplant  controls.  A summary  report  of  general 
aviation  accidents  for  the  years  1973  and  1974  (reference  34)  shows  167  acci- 
dents caused  by  misuse  or  failure  to  use  carburetor  heat,  and  43  accidents 
attributed  to  misuse  of  the  mixture  control.  Some  examples  of  mixture  control 
misuse  are  depicted  in  table  A-6  of  appendix  A. 

A review  of  NTSB  accident  data  for  Improper  use  of  powerplant  controls 
(reference  28)  indicates  that  the  most  common  errors  were:  (1)  pilots  Inadvert- 
ently pulling  back  the  mixture  control  instead  of  the  carburetor  heat  control, 

(2)  pilots  pulling  back  the  mixture  control  Instead  of  the  propeller  control, 
and  (3)  retarding  propeller  RPM  control  Instead  of  the  throttle.  The  first 
two  pilot  error  actions  can  result  in  the  complete  cut-off  of  fuel  to  the 
engine  with  subsequent  engine  failure.  The  last  action  results  in  reduced 
propeller  RPM  with  ensuing  power  loss.  If  the  pilot  falls  to  recognize  the 
Improper  use  of  the  powerplant  controls,  or  does  not  have  sufficient  tima  or 
altitude  to  resturi  the  engine,  he  la  faced  with  a second  type  of  accident 
situation,  the  first  being  engine  failure  due  to  powerplant  control  m^-suse. 

(Note:  For  an  engine  failure  to  be  classified  as  an  accident,  the  occurrence 
must  be  in  combination  with  another  or  second-type  accident.)  The  possible 
consequences  of  Inadvertent,  self-induced  engine  failure  resulting  in  second- 
type  accidents  are  depleted  In  figure  4.  The  data  are  for  ell  general  aviation 
operations  for  the  years  1965  through  1969,  and  show  the  frequency  and  percent 
of  accidents  resulting  in  fatal  or  serious  injury  occurring  from  a second-type 
accident.  The  self-induced  engine  failure  accident  la  neither  isolated  nut 
limited  to  the  inexperienced  pilot.  The  fact  that  it  does  occur  with  a low 
but  regular  frequency  Indicates  the  need  for  an  amplification  of  powerplant 
control  design  standardization. 
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frequency  of  SECOND-nPE  ACCIDENTS  AS  A RESULT  OF  ENGINE  FAILURE 


DISCUSSION. 
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The  location  and  arrangement  of  powerplant  controls  with  relation  to  each 
other  varies  among  aircraft  manufacturers  and  also  within  the  group  of  aircraft 
produced  by  a single  manufacturer.  This  variability  exists  in  many  current 
production  aircraft  because  the  aircraft  can  be,  and  are  being,  manufactured 
under  type  certificates  that  date  back  20  years  or  more. 

An  Inspection  of  current  production  aircraft  verified  the  lack  of  standardisa- 
tion of  powerplant  controls.  In  addition  to  varied  placement  of  throttle, 
propeller,  and  mixture  controls,  there  were  also  variations  In  the  shape  and 
color  coding,  The  carburetor  heat  controls  varied  in  location  and  direction 
of  actuation.  One  of  the  most  accident  prone  arrangements  of  the  carburetor 
heat  control  Is  one  In  which  the  control  is  located  close  to  the  mixture 
control.  If  there  Is  no  discriminatory  shape  and/or  color  coding  of  these 
two  controls,  it  is  easy  to  confuse  them. 

Some  manufacturers  have  adhered  to  what  appears  to  be  the  last  drafted  ARF 
relevant  to  controls,  prepared  by  the  SAE  Committee  in  1970,  entitled, 

"Proposed  ARP  on  Location  and  Actuation  of  Aircraft  Cockpit  Controls  for 
General  Aviation  Aircraft."  (A  similar  document,  ARP  268C  applicable  to  FAR  25 
aircraft,  was  issued  In  1952,  revised  In  1962,  and  In  essence  constitutes  the 
requirements  for  FAR  25,  aircraft  controls.)  The  ARP  for  general  aviation 
aircraft  proposed  a sequential  arrangement  from  left  to  right,  of  the  throttle, 
propeller,  and  mixture  control  as  the  pilot  In  the  front  seat  views  the 
controls.  The  ARP  also  recommended  locating  the  carburetor  heat  control  to 
the  left  of  the  throttle  or,  as  a secondary  preference,  locating  it  beneath 
the  throttle  If  the  lack  of  panel  space  precludes  the  first  arrangement.  In 
either  event,  the  carburetor  heat  control  was  not  to  be  located  adjacent  to 
the  fuel  mixture  control.  It  was  observed  that  several  manufacturers  have 
Incorporated  a special  safety  feature  In  the  design  of  the  powerplant  controls, 
especially  the  mixture  control.  The  feature  Incorporates  a two-action  opera- 
tion, (push  button,  retard  lever)  for  movement  of  the  mixture  control.  The 
design,  while  not  new,  and  generally  found  only  In  higher  priced  aircraft, 
was  found  occasionally  installed  In  smaller,  lower-priced  single-engine 
aircraft.  This  design  inhibits  unintentional  activation  of  the  mixture  control 
and  is  one  which  goes  beyond  present  FAR  23  requirements  and  SAE/ARP  proposals. 

Since  the  SAE  Committee  A-23  was  terminated  in  1976,  the  proposed  ARP  was  never 
approved  or  formally  published.  The  basic  recommendations,  however,  have  not 
been  Ignored.  In  addition  to  the  work  accomplished  by  the  GAMA  committees 
on  standardizing  specification,  nomenclature,  aircraft  information  in  the  POH 
and  fuel  management,  they  have  submitted  to  the  FAA  proposed  revisions  to 
FAR  23.777  through  23.781  which,  fundamentally,  are  structured  on  the 
original  SAE/ARP  (appendix  C). 

The  GAMA  proposal  does  much  to  alleviate  cockpit  control  standardization 
problems  recognized  and  reported  by  pilots  and  numerous  research  organizations 
over  the  past  years. 

GAMA's  proposed  revisions  applicable  to  powerplant  controls  are  consistent 
with  pilot  comments,  data,  and  supplementary  information  documented  in  this 
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study.  The  project  team  encountered  no  substantial  evidence  or  inforuiation 
to  support  specific  color  coding  of  powerplant  controls  other  than  an  expressed 

preference  by  all  pilots  to  have  the  mixture  control  color-coded  red. 

RECOMMENDATION. 

It  is  recommended  that  consideration  be  given  to  regulatory  action  to  stand- 
ardize the  arrangement,  location,  actuation,  and  shape  of  powerplant  contruls 
as  proposed  by  the  GAMA  (appendix  C) . It  Is  further  recommended  that  the 
mixture  control  be  color-coded  red. 


FLIGHT  INSTRUMENTS 


THE  PROBLEM. 

FAR  25.1321  and  23.1321  establish  the  location  and  arrangement  of  flight  instru 
ments  on  the  Instrument  panel  respectively  for  transport  and  normal/utlllty 
category  aircraft  weighing  over  6,000  pounds.  There  Is  no  equivalent  regula- 
tion to  govern  the  arrangement  and  location  of  flight  Instruments  for  FAR  23 
aircraft  weighing  6,000  pounds  or  less. 

RELEVANT  FACTORS. 

Aircraft  that  have  a maximum  weight  of  6,000  pounds  or  less  are  not  required 
to  have  a standard  arrangement  of  flight  Instruments  on  the  Instrument  panel. 
For  FAR  23  aircraft  over  6,000  pounds,  the  four  flight  Instruments  which  pro- 
vide basic  information  on  airspeed,  attitude,  altitude,  and  direction  must 
be  arranged  as  shown  in  figure  3 (FAR  23.1321,  reference  1). 


77-38-5 

FIGURE  5.  BASIC  T FLIGHT  INSTRUMENT  PANEL  ARRANGEMENT 
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The  ret^ulation  for  FAR  25  transport  category  aircraft  Is  essentlaDy  the 
s.'<ae.  The  arrangement  of  these  four  flight  Instruments  results  In  the  so 
called  "Basic  T"  panel  configuration,  and  has  been  a requirement  for  transport 
category  aircraft  since  1957.  An  Identical  instrument  grouping  was  made  a 
requirement  for  FAR  23  aircraft  over  6,000  pounds  In  1973. 

The  1949  and  1950  studies  of  pilot  eye  movement  by  Fitts,  Jones,  ard  Milton 
(reference  35)  and  the  advent  of  integrated  flight  Instruments  l.e.,  the  fll^nt 
director  (FD)  and  the  horizontal  situation  Indicator  (HSl) , provided  the 
impetus  for  a reassessment  of  flight  Instrument  arrangements  on  the  panels  of 
transport  category  aircraft. 

Prior  to  1957,  flight  iastruinent  arrangement  for  CAR  4b, 'FAR  25  aircraft  was 
based  on  an  SAE  AS  which  recommended  four  "standard"  arrangements  of  six  flight 
and  navigation  Instruments  commonly  referered  to  as  the  "Basic  Six." 

In  1956,  the  Airline  Pilots  Association  (ALPA)  Cockpit  Standardization  Com- 
mittee, reporting  on  a newly-configured  T arrangement,  concluded,  "...that  in 
contrast  to  the  standard  Basic  Six  Instrument  arrangement,  the  T arrangement 
eliminated  the  need  for  wide  area  scanning  since  ?11  vital  information  was 
concentrated  In  the  smallest  practicable  visual  field  and  centered  on  the 
controlling  attitude  Instrument.  Uy  employing  the  T arrangement,  eye  scan 
was  reduced  to  less  than  half  that  required  by  the  Basic  Six  arrougemert. 

The  Basic  T arrangement  evolved  only  after  many  years  of  research,  devel- 
opment and  regulation.  Cockpit  instrument  standax Jizatlon  was  becoming  widely 
recognized  as  a means  of  reducing  pilot  workload  and  increasing  the  pilot's 
capacity  to  deal  with  othci.  problems  and  activities  associated  with  flying, 
navigating,  and  communicating  in  the  increasingly  complex  air  traffic  control 
system." 

In  1965,  NAFEC  instrument  flight  pilot  workload  study  (reference  36)  revealed 
that  the  variations  In  panel  arrangements  were  random  and  numerous.  Examples 
of  the  diverse  inetrunient  layouts  typical  of  that  period  are  shown  In  figures 
6,  7,  and  8, 

1,1  a paper  concerning  cockpit  design  and  safety,  Stleglltz  (reference  37) 
reported:  "...the  airplane  has  greater  speed,  range,  and  endurance,  and  oper- 
ates at  higher  altitudes.  Further,  higher  wing  loading  has  resulted  in  a 
larger  maneuvering  radius.  As  a result,  the  pilot  has  less  time  to  make  deci- 
sions and  must  be  more  accurate  because  of  the  decreased  margin  for  error; 
it  a mistake  is  made  there  is  little  time  to  correct  It.  ...the  improved 
performance  described  above  coupled  with  more  complex  functional  systems  has 
resulted  in  a greatly  Increased  amount  of  instrumentation,  not  only  flight  and 
engine  instruments  but  also  navigation  and  electronic  equipment.  Thus,  the 
pilot  is  being  provided  with  more  information,  from  more  sources. . .which  must 
be  recognized,  aiwlyzed,  and  correlated.  In  addition,  the  number  of  controls 
in  the  cockpit  hat.  Increased  correspondingly. . .therefore,  both  the  Increased 
amount  of  Instrumcntati  'n  and  the  greater  ntimber  of  controls  tends  to  increase 
the  .amount  of  time  required  fur  the  pilot  to  assess  a situation  and  take 
necessary  action.  Ttic  combined  result  has  been  that  greater  pre  -slon  is 
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FloURE  6,  SAMPLES  OF  NONSTANDARDIZED  INSTRUMENT  PANEL 
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NOTE 

If  shockmouni  haa  irnequal 
thread  length,  Inriall  shorter 
threads  through  stationary  panel.* 

1.  Altimeter 

2.  Alrapeed  Indicator 

3.  Tum>and-Bank  Indicator 

4.  Directional  Qyro 

C,  Compass  Correction  Card 

6.  Vertical  Speed  Indicator 

7.  Vacuun  Lights  Test  Switch 
6.  Gyro  Horizon 

9.  Optional  Instrument  Space 
IQ.  Radio  Spixs 

11.  Magnetic  Conpaas 

12.  Vuel  Flow  Indicator 

13.  Manifold  Pressure  Oage 

14.  ‘niehomoter 

15.  Fuel  Quantity  Indicator 

IB.  Cylinder  Head  Temperature 
G^e 

17.  Ammete 

18.  Oil  Temperature  Gage 

19.  Fuel  Quantity  Indicator 
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20.  011  Pressure  Qsge 

21.  Suction  Gage 

22.  Radio  Space 

23.  Cabin  Air  Knob 

24.  Map  Compartment 

25.  Cigur  Ughter 

26.  Detroat  Knob 

27.  Cabin  Air  Knob 

28.  Cabin  Heat  Knob 

38A.  Flap  Sw|tch(except  210B&  C) 
81.  WliM  Flap  Pocltlon  Indicator 

30.  Mixture  Control 

31.  Propeller  Control 

32.  Optional  Nav-O-Matle  Control 
Unit 

33.  Throttle 

34.  InducUon  Hot  Air  Knob 

35.  Gear  Down  Indicator  Light 
38.  Gear  Up  Indicator  Light 


37.  Landing  Ughta  Switch 

38.  Rotating  Beacon  Switch 
SB.  Navigation  Light  Switch 

40.  Pitot  Heater  Switch 

41.  011  DlhiUon  Switch 

42.  Radio  Switch 

43.  Circuit  BreaVera 

44.  Circuit  Breakera 

4 Railo  Ught  RheoaUt 

40.  Circuit  Breakera 

47.  InJtnimenl  Light  RheoaUt 

48.  Clock 

41.  Ignition  • Start  Switch 

50.  Auxiliary  Fuel  Pump  Switch 

51.  Microphone  Jack 

52.  Ihiel  Strainer  Drain  Knob 

53.  Maater  Switch 

54.  Shrek  Mount 

05.  Ground  Strap 
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FIGURE  7.  SAMPLE  OF  NONSTANDARDIZED  INSTRUMENT  PANEL 
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NOTE 

U shoekmount  hu  un- 
equal thread  length, 
Install  shorter  threads 
through  stationary  panel. 
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NOTE 

The  210  and  210A  Instrument  panels 
are  Identical  except  lor  minor  styling 
changes  and  switch  relocations. 


1.  Altimeter 

2.  Wing  Flap  Position  Indicator 

3.  Airspeed  Indicator 

4.  Tum>and>Bank  Indicator 

5.  Directional  Oyro 

6.  Clock 

7.  Compass  Correction  Card 

8.  Oyro  Horlxon 

8.  Manifold  Pressure  Gage 

10.  Tachometer 

1 1 . Magnetic  Compass 

12.  Radio  Space 

13.  F\iel  Flow  Indicator 

14.  Radio  Selector  Switches 

15.  Cylinder  Head  Temp.  Gage 

18.  Suction  Oage 

17.  Ammeter 

18.  Fuel  I^iantlty  Indicator 


19.  011  Temperature  Cage 

20.  OH  PressurA  Gage 

21 . Fuel  Quantity  Indicator 

22.  Circuit  Breakers 

23.  Cabin  Air  Knob 
2<.  Map  Compartment 

28.  Cabin  Heat  Knob 
28.  Radio  Switch 

27.  Pitot  Heater  Switch 

28.  OH  Dilution  Switch 

29.  Rodin  Ught  Rheostat 

30.  landing  Light  Switch 

31.  Navigation  Light  Switch 

32.  Cigar  Ughler 

33.  Instrument  Liglit  Rheostat 


35.  Generator  Warning  Light 

36.  Cowl  F’ap  Lever 

37.  Mixture  Control 

38.  Propellar  Control 

39.  Power  Pack  (See  Section  5) 

40.  Throttle 

41.  AualUary  Fuel  Pump  Switch 

42.  Vertical  Speed  Indicator 

43.  Induction  Hot  Air  Knob 

44.  D'!tront  Knob 

45.  Manter  Switch 

48.  Ignition  • Start  Switch 

47.  Fuel  Strainer  Drain  Knob 

48.  Radio  Compass 

49.  Check  List 

50.  Microphone  Jack 

51.  Shock  Mount 
58.  Oround  Strap 

77-3B-9 


FIGURE  8.  SAMPLE  OF  NONSTANDARDIZED  INSTRUMENT  PANEL 
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demanded  of  the  pilots,  less  time  is  available  to  him  in  which  to  act,  and  yet 
he  requires  more  time  than  previously."  Mr.  Stleglltz.  a design  safety 
engineer,  presented  his  paper  in  July  1952—25  years  ago." 

Uhat  was  true  then  Is  even  more  applicable  today,  given  the  complexity  of  today's 
aircraft  and  air  traffic  control  environment.  The  FAA  publication,  "Instru- 
ment Flying  Handbook"  (reference  38}  makes  the  observation  that  In  the  not  too 
distant  past,  visual  (contact)  and  Instrument  flying  were  considered  separate 
and  distinct  skills.  Little,  if  any,  consideration  was  given  to  correlating 
instrument  indications  (if  available)  with  the  visual  aspects  of  aircraft 
attitude.  At  that  time  the  nonprofessional  civilian  pilot  had  neither  the 
equipment  to  fly  safely  on  instruments  nor  the  need  or  interest  to  do  so. 

With  the  advent  of  faster  aircraft,  more  reliable  Instruments  and  radio  equip- 
ment, and  more  effective  radio  and  ground  services,  the  traditional  distinc- 
tion between  visual  and  Instrument  flying  has  undergone  corresponding  changes. 

A major  achievement  In  eliminating  the  differences  between  visual  and  Instru- 
ment flying  was  the  Institution  and  promotion  of  primary  "Integrated  type 
flight  Instruction."  As  detlned  in  the  FAA  publication  AC-61-21,  "Flight 
Training  Handbook,"  Integrated  flight  Instruction  means  Instruction  In  which 
students  are  taught  to  perform  each  flight  maneuver  by  both  outside  visual 
reference  and  reference  to  Instruments  from  the  first  time  the  maneuver  Is 
Introduced.  The  Integrated  type  of  flight  Instruction,  while  not  a substitute 
for  instrument  training,  la  an  excellent  foundation  for  later  formal  training 
for  the  Instrument  rating. 

The  concept  of  Integrated  flight  training,  however  ideal.  Is  obviously  hindered 
If  there  Is  no  systemized  arrangement  of  the  basic  flight  Instruments.  Given 
random  arrangements  of  these  Instruments,  there  Is  an  unnecessarily  heavier 
pilot  workload.  Should  the  student  receive  Instruction  In  a variety  of  train- 
ing aircraft,  he  does  not  have  the  opportunity  to  develop  a consistent  system- 
Ized  pattern  of  referring  to  the  aircraft  Instruments  In  the  course  of  his 
Integrated  flight  Instruction. 

The  SAE  committee  A-23C  (Cockpit/Cabln  Standardization-General  Aviation 
Aircraft)  recognized  the  need  for  a systematic  arrangement  of  instruments  in 
order:  "to  make  transition  easier,  help  eliminate  pilot  confusion  and  possible 
mismanagement  of  aircraft,  and  to  establish  a commonality  between  aircraft 
Instrument  panel  arrangements."  The  committee  developed  and  published  ARP 
1166,  "Instrument  Panel  Arrangement  for  Fixed  Wing  Aircraft  Under  12,500  Pounds" 
(figure  A-7).  This  document.  Issued  in  May  1970,  recommends  a revised  arrange- 
ment of  six  flight  Instruments  structured  around  the  T configuration  that  is 
standard  for  transport  category  aircraft.  The  ARP  also  recommends  the  loca- 
tion for  two  very  high  frequency  omnidirectional  radio  range  (VOR)  displays. 

Inspection  of  three  major  manufacturers'  models  of  current  production  aircraft 
disclosed  a unified  adherence  to  the  basic  T Instrument  arrangement.  The  con- 
figuration was  common  to  all  aircraft  examined  with  the  exception  of  some  aero- 
batic and  cropdusting  models.  Also  significant  is  that  in  addition  to  the 
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Instruments  comprising  the  T (airspeed,  attitude,  altitude,  and  direction),  the 
location  of  the  turn/sllp  indicator  (turn  coordinator)  and  the  vertical  speed 
Indicator  (VSI)  has  resulted  in  a "revised”  Basic  Six  arrangement  for  late 
model  FAR  23  aircraft.  The  configuration  is  shown  In  figure  9. 

Table  A-3  of  appendix  A Indicates  the  number  of  adverse  comments  concerning  the 
arrangement  and  location  of  the  basic  flight  Instruments.  The  consensus  of  the 
pilots  Interviewed  was  that  the  lack  of  standardization  of  the  flight  Instrument 
arrangement  increased  pilot  workload,  especially  for  Instrument  flight  rules 
(IFR)  flight. 

ACCIDENT  DATA. 

An  accident  data  search  identified  no  accidents  which  might  be  directly 
attributed  to  a lack  of  standard  Instrument  arrangement.  Nor  do  the  NTSB 
accident  statistics  define  a category  of  accidents  attributable  to  "pilot  work- 
load." This  doesn't  mean  that  such  accidents  do  not  happen.  There  is  suffi- 
cient reason  to  believe  that  accidents  of  this  type,  l.e.,  pilot  workload, 
would  be  considered  more  as  a "factor  contributing  to"  rather  than  "a  cause 
for"  the  accident.  Furthermore,  these  accidents  might  well  be  masked  under 
the  established  accident  categories  of:  (1)  Improper  IFR  operations,  (2) 
instruments — failed  to  read  or  misread,  (3)  lack  of  familiarity  with  the  air- 
craft, and  (4)  pilot  fatigue.  For  the  year  1974,  these  four  accident  causes 
accounted  for  283  accidents,  of  which  91  were  fatal. 

Similarly,  the  more  serious  accident  causes  such  as  "continued  VFR  flight  into 
adverse  weather"  and  "spatial  disorientation"  might  camouflage  the  pilot 
workload/nonstandard  Instrument  arrangement  from  recognition  as  contributing 
factors.  These  two  accident  causes,  respectively,  accounted  for  843  and  620 
fatal  accidents  during  the  1970  through  1975  period.  The  spatial  disorienta- 
tion type  of  accident  generally  occurs  when  external  visual  references  are 
obscured  by  clouds,  fog,  haze,  dust,  darkness,  or  other  phenomena,  unless 
visual  reference  is  transferred  to  aircraft  instruments.  The  NTSB  accident 
data  for  the  years  1970  through  1974  show  that  80  percent  or  more  of  the  pilots 
Involved  in  spatial  disorientation  accidents  were  nonlnstrument-rated  pilots. 

It  is  possible  that  had  the  pilots  been  Instrument  rated,  and/or  had  they 
been  exposed  to  integrated  flight  Instruction  with  a standardized  Instrument 
arrangement,  the  number  of  spatial  disorientation  accidents  might  have  been 
reduced . 

Accident  data  for  1974  (reference  13}  included  141  accidents  associated  with 
precision  and  nonprecision  instrument  approaches  resulting  In  142  fatalities. 
There  are  no  recorded  data  available  to  determine  what  type  of  Instrument 
arrangement  existed  on  board  the  aircraft  at  the  time  of  accident,  or  if  the 
lack  of  a standardized  instrument  arrangement  was  a contributing  factor.  Not- 
withstanding these  unknowns,  extensive  air  carrier  studies  have  proved  that 
the  basic  T arrangement  Is  most  effective  in  reducing  pilot  workload  during 
the  instrument  approach,  the  crucial  phase  of  flight  which  makes  the  most 
demands  on  the  pilot. 
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FIGURE  9.  EXAMPLE  OF  A REVISED  BASIC  SIX  INSTRUMENT  CONFIGURATION 
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SCudant  pilot  expoaura  to  a basic  T configuration!  couplad  with  Integratad 
training  from  the  Indoctrination  flight  to  pilot  certification!  can  do  much  to 
Instill  pilot  confidence  In  ability  to  fly  the  alrcrafti  establish  consis- 
tent scanning  patterns,  reduce  pilot  workload,  and  lessen  transitional 
difficulties  associated  with  flying  different  aircraft. 

STATUS  OF  RESUUllONS. 

FAR  23.1321  states t "For  each  airplane  of  mors  than  6,000  pounds  nkaxlnuot  weight, 
the  flight  Instruments  required  by  23.1303  and  as  applicable  by  Part  91  of  this 
chapter  must  be  grouped  on  the  Instrument  panel  and  centered  as  nearly  as  prac- 
ticable about  the  vertical  plane  of  the  pilot's  vision." 

Tha  flight  and  navigation  Instruments  required  by  FAR  23.1303  are  an  airspeed 
Indicator,  an  altlmater,  and  a magnetic  direction  Indicator.  FAR  91.33(b) 
repeats  these  minimum  basic  flight  Instruments  required  for  VFR  flight  under 
FAR  91.33(b).  No  additional  flight  Instruments  are  required  for  night  flight 
under  FAR  91.33(c).  Thus,  It  appears  that  aircraft  over  6,000  pounds  not 
approved  for  IFR  flight  are  not  required  to  have  a basic  T Instrument  arrange- 
ment since  under  the  regulations  for  VFR  day  and  night,  there  Is  no  requirement 
for  an  attitude  Indicator  or  a gyroscopic  directional  Indicator. 

However,  If  aircraft  above  the  6,000  pounds  weight  are  to  fly  TFR,  the  basic  T 
arrangement  must  be  Installed  because  the  additional  flight  Instruments  of 
attitude  gyro  and  directional  gyro  are  needed  In  addition  to  the  basic  VFR 
flight  Instrumants,  Tha  Implication  is  that  IFR  capability  not  weight  Is  the 
primary  requirement  for  the  basic  T arrangement. 

In  view  of  this  reasoning,  the  phrase,  "of  mors  than  6,000  pounds"  doss  not 
necessarily  affect  general  aviation  FAR  23  aircraft  of  more  than  6,000  pounds 
certificated  for  VFR  flight  only. 

Tha  requirement  for  a basic  T arrangement  for  Instrument  flight  would  then 
depend  on  the  aircraft  being  equipped  with  those  Instruments  as  applicable 
under  FAR  91.33.  Since  current/late  model  production  aircraft  under  6000  pounds 
Indicate  a predisposition  on  the  manufacturer's  part  to  continue  Installation 
of  the  basic  T,  Its  requirement  by  regulation  would  improve  the  safety  of 
operations  for  flight  training  (i.e..  Integrated  flight  Instruction),  night, 
and  IFR  flight  operations  through  greater  Instrument  panel  standardisation. 

RECOMMENDATION. 

Consideration  should  be  given  to  regulatory  action  to  require  that  FAR  23  air- 
craft of  any  weight  used  In  either  flight  training,  night,  or  IFR  operations 
have  the  basic  flight  Instruments  arranged  In  accordance  with  the  T configura- 
tion specified  In  FAR  23.1321  If  sufficient  panel  space  Is  available. 
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POWERPLANT  INSTRUMENTS 


THE  PROBLEM. 

Arrangement  and  location  of  powerplant  Instruments  on  the  Instrument  panel 
Is  not  always  analogous  to  the  sequenced  arrangement  of  the  corresponding 
powerplant  controls.  This  lack  of  good  human  engineering  Imposes  an 
unnecessary  workload  on  the  pilot. 


RELEVANT  FACTORS. 


More  than  55  percent  of  the  pllota  and  flight  Instructors  Interviewed  commented 
chat  the  location  and  arrangement  of  the  powerplant  Instruments,  specifically 
manifold  pressure,  tachometer  and  fuel  flow,  are  not  sequenced  as  are  the 
throttle  propeller,  and  mixture  controls.  In  a number  of  different  model  air- 
craft, either  the  powerplant  Instruments  were  not  grouped  closely  on  the  panel, 
or  their  positions  were  reversed  relative  to  the  positions  of  the  powerplant 
controls.  Pilots  reported  that  the  lack  of  clojse  grouping  of  these  Instruments 
required  a larger  Instrument  scan  and  placed  an  increased  and  unnnecoesacy 
workload  on  the  pilot.  Flight  Instructors  reported  that  on  numaroua  occasions 
their  students,  while  reducing  power  with  throttle,  would  be  monitoring  the 
tachometer  located  directly  above  the  throttle.  Instead  of  monitoring  the 
manifold  pressure  gauge,  which  In  this  case  was  positioned  above  the  propeller 
control.  FAR  23.1321(h)  specifies!  "For  each  multiengine  airplane,  Identical 
powerplant  instruments  must  be  located  so  as  to  prevent  confusion  as  to  which 
engine  each  Instrument  relates."  But  there  Is  no  regulatory  requirement  for 
powerplant  Instrument  grouping  or  positioning  on  the  Instrument  panel  to  make 
location  compatible  with  powerplant  control  arrangement  for  single  or  multi- 
engine  airplanes. 

Other  than  the  comments  and  opinions  received  from  those  interviewed,  there 
are  no  objective  data  In  the  form  of  accident  or  incident  statistics  to  Justify 
a regulatory  need  for  powerplant  instrument  arrangement  to  correspond  with 
powerplant  control  arrangement.  However,  the  compatibility  of  powerplant  dis- 
play location  with  the  relevant  powerplant  controls  is  well-i.'ecognlzed  from 
the  viewpoint  of  good  human  engineering  design.  The  Cornell-Guggenheim  Avia- 
tion Safety  Center  recommends  that  each  control  be  as  close  as  possible  to 
the  Indicator  It  affects,  and  has  listed  Inappropriate  layout  of  controls  and 
displays  as  a factor  contributing  to  operator  fatigue  (reference  39).  United 
States  Air  Force  military  standard  803A-2  (reference  40)  requires  that: 
"...controls  should  normally  be  located  adjacent  to  their  associated  displays 
...and  controls  which  are  operated  together  should  be  grouped  together,  along 
with  their  associated  displays." 

DISCUSSION. 

An  inspection  of  current  production  aircraft  disclosed  a general  trend  to 
adhere  to  the  desired  arrangement  of  the  powerplant  Instruments.  However,  under 
certain  conditions,  especially  In  multiengine  aircraft,  the  crowded  Instrument 
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panel  does  not  allow  for  a desirable  grouping  or  sequenced  arrangement.  A 
typical  single-engine  example  Is  shown  In  figure  10.  The  manufacturer  at  times 
must  position  the  powerplant  instruments  In  a vertical  line  on  the  panel  while 
the  standard  arrangement  of  the  powerplant  controls  lo  a horizontal  arrange- 
ment, either  on  the  panel  or  on  the  powerplant  control  quadrant.  Ideally, 
the  manifold  pressure  gauge  should  be  located  on  the  panel  In  line  with  and 
above  the  throttle,  the  tachometer  In  line  with  and  above  the  propeller  control, 
and  the  fuel  flow  Indicator  In  line  with  and  above  the  mixture  control.  This 
arrangement  is  not  always  possible  when,  for  example,  the  Indications  for  mani- 
fold pressure  and  fuel  flow  are  incorporated  In  one  Instrument  (figure  10). 

Because  of  such  restrictions,  It  would  be  impractical  to  attempt  to  regulate 
exactly  the  location  and  arrangement  of  the  powerplant  Instruments.  More 
practical  would  be  the  Implementation  of  an  AC,  AKP,  or  other  guidance  to  keep 
the  powerplant  Instruments  close  to  each  other  and,  where  feasible,  retain 
an  order  or  arrangement,  either  In  the  horizontal  or  vertical  plane,  that  con- 
forms to  the  sequence  of  the  irrespective  controls.  This  design  philosophy 
would  be  in  harmony  with  GAMA' a proposed  powerplant  control  arrangement  and 
would  reduce  pilot  workload. 

RECOMMENDATION. 

An  AC  or  other  appropriate  design  guidance  should  be  formulated  to  stress  the 
advantages  of  having  powerplant  instruments  arranged  to  be  consistent  with  the 
sequenced  arrangement  of  the  powerplant  controls.  The  establishment  of  the 
natural  relationship  of  powerplant  Instruments  to  powerplant  controls  can 
eliminate  pilot  confusion  and  reduce  pilot  workload. 


INSTRUMENT  LIGHTING 


THE  PROBLEM. 

The  flight  Instructors  surveyed  frequently  complained  about  Inadequate  instru- 
ment lighting  in  certain  small  aircraft.  Many  pilots  indicated  that  they  carry 
a flashlight,  not  Just  as  an  emergency  backup  light,  but  as  a necessary  aid 
for  use  In  reading  Instruments,  checking  Items  such  as  circuit  breakers  and 
flap  position  indicators,  and  in  tuning  radio  frequencies.  A specific  com- 
plaint was  voiced  against  a single  floodlight  located  on  the  celling  behind 
the  pilot  as  a sole  source  of  instrument  panel  light.  In  night  instrument 
flight,  the  Instructors  found  that  such  a light  illuminates  a chart  held  In 
front  of  the  pilot,  but  the  chart.  In  turn,  blocks  the  light  to  the  panel.  The 
instructors  in  the  survey  pointed  out  that  some  training  airplanes  with  only 
rudimentary  Instrument  lighting  are  used  for  night  flying  Instruction. 

At  the  June  1976  Aircraft  Operations  and  Maintenance  Show  In  Reading, 
Pcnnoylvania,  current  production  aircraft  were  inspected.  The  vast  majority 
had  adequate  instrument  panel  lighting  but  the  practice  of  Installing  a 
single  flood  light  for  panel  Illumination  still  existed. 
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POWER  PLAN  MS' 


RELEVAMT  FACTORS. 


FAR  23.773(b)  requires  that,  If  certification  for  n'.ght  operation  Is  requested, 
It  must  be  shown  In  night  flight  tests  that  the  pilot's  compartment  Is  free 
from  glare  and  reflections.  However,  this  requirement  Is  Interpreted  as 
insuring  against  Improper  external,  rather  than  Internal,  lighting. 

FAR  23.1321  presents  the  general  rule  that  each  Instrument  must  be  plainly 
visible  to  the  pilot. 

FAR  23.1381  requires  that  instrument  lights  must  make  each  Instrument  and 
control  easily  readable,  be  Installed  to  avoid  direct  or  reflected  glare  In 
the  pilot's  eyes,  and  be  safe  from  electrical  shorting.  Further,  the 
statement  Is  appended  that:  " A cabin  dome  light  Is  not  an  Inatrument  light." 

The  three  sections  of  FAR  23  summarised  imply  chat:  (a)  Instrument  lighting  Is 
required,  and  (b)  Installed  Instrument  lighting  must  be  effective.  However, 
this  interpretation  is  questionabla.  When  Instrument  lighting  Is  installed, 
it  must  meet  the  requirements  of  FAR  23,  but  it  may  be  omitted  entirely  and 
the  airplane  still  can  be  certificated. 

FAR  121.323,  referring  to  operation  of  air  carrier  and  other  large  aircraft, 
includes  the  requirement  that  effective  Inatrument  lights  must  be  provided  If 
an  airplane  Is  to  be  operated  at  night.  From  an  operational  viewpoint,  this 
rule  has  no  counterpart  for  small  aircraft,  since  there  Is  no  requirement 
for  Instrument  lighting  specified  under  FAR  91.33(c)  for  night  VFR  equipment. 

ACCIDENT  DATA. 

No  accidents  were  found  that  were  attributed  directly  to  the  lack  of  Instrument 
lights  or  to  Inadequate  lighting  of  the  cabin  or  panel.  This  does  not  Indicate 
that  there  Is  no  safety  problem;  it  may,  however,  mean  that  pilots  are  cautious 
enough  to  supplement  installed  lighting  with  flashlight  or  penllght  sources, 
as  recommended  In  "The  Pilot's  Night  Flying  Handbook"  (reference  41).  The 
book  notes:  "There  is  little  standardization  in  the  cabin  and  Instrument  light- 
ing of  small  aircraft.  Factory- Installed  lights  are  often  mlnlioal  and  leave 
critical  areas  poorly  Illuminated...  In  soma  aircraft.  Illumination  Is  blocked 
by  the  instt^iment  panel,  or  light  beams  fall  to  strike  control  knobs  or  levers 
mounted  near  kick  pads  or  below  the  panel."  Reference  41  also  indicated  that 
engine  gauges  were  Inadequately  lighted  in  a particular  model,  and  the  fuel 
selector  was  not  lighted  at  all.  It  concludes:  "In  most  general-aviation 
planes... a flashlight  is  necessary  for  normal  night  operation." 

DISCUSSION. 

There  are  four  classes  of  systems  used  to  light  instruments  and  controls.  The 
simplest  is  floodlighting,  provided  in  the  minimum  system  by  a single  red  or 
white  light  on  the  cabin  ceiling  (figure  11).  The  second  consists  of  eyebrow 
and  post  lights  adjacent  to  the  instruments.  Integral  lights,  the  third  class, 
may  spread  light  over  instruments  from  locations  Just  under  the  panel  surface. 
Tho  fourth  type,  tranaillumlnated  systems,  may  provide  integral  back  lighting. 
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Red  lighting,  at  one  time  considered  eesantial  for  military  operatlone,  ie  now 
outdated  In  moat  civil  applications.  The  original  purpose  was  to  maintain  dark 
adaptation,  but  In  civil  use  this  la  leas  Important  than  the  ability  to  read 
color-coded  Instrument  dlsplaya,  tables,  charts,  and  manuals. 

Post  lights  are  preferred  for  easy  lamp  replacement,  but  are  vulnerable  to  the 
wear-and-tear  of  dally  operation.  Also,  the  sharp  projections  Increase  the 
lethality  of  the  panel. 

Common  home  appliances  have  Integral  lighting  as  do  automobiles.  It  Is  sur- 
prising that  airplanes  do  not  have  equally  adequate  lighting.  However,  Inte- 
gral lighting  Installation  and  repair  are  costly,  and  the  facts  are  not  avail- 
able to  prove  that  flood  lighting  and  post  lighting  are  Inherently  unsafe. 
Hence,  all  types  probably  will  continue  to  be  allowed. 

RECOMMENDATIONS. 

The  requirement  In  FAR  121  (Certification  and  Operationst  Domestic,  Flag,  and 
Supplemental  Air  Carriers  and  Commercial  Operators  of  Large  Aircraft)  that 
pilots  of  large  aircraft  must  have  Instrument  lighting  for  night  operation 
should  be  paralleled  In  the  regulations  for  small  aircraft.  Effective  cockpit 
lighting  which  Illuminates  the  instruments,  all  essential  controls,  and  avl-  ' 
onlca,  should  be  required  for  all  night  operations  and  for  training  which 
may  occur  In  low  visibilities,  twilight,  and  at  night.  A flashlight  should 
also  be  required  equipment  In  light  part  91  aircraft,  both  for  use  In  prefllghc 
examlnatJon  of  the  aircraft  and.  for  emergency  use  In  night  flight. 

While  it  may  be  reasonable  to  permit  the  use  of  floodlighting  as  a means  of 
meeting  these  panel  and  control  lighting  requirements,  it  is  unreasonable  to 
allow  a single  light  for  this  purpose.  Not  only  Is  there  a risk  of  lamp  fail- 
ure when  using  one  light,  but  the  problem  of  light  blocked  by  the  pilot's  body, 
a handheld  chart,  or  other  material  Is  critical.  Workload  Is  Increased  when 
the  pilot  must  put  down  the  chart  to  see  the  panel  or  has  difficulty  reading 
the  Instruments  on  the  panel.  Hence,  a minimum  acceptable  floodlight  system 
would  be  two  lights,  pointing  from  different  angles  so  that  one  would  continue 
to  light  areas  In  which  light  was  blocked  from  the  other.  A system  of  this 
sort  Is  Illustrated  In  figure  12,  but  it  should  be  noted  that  the  lights  are 
too  close  to  each  other.  Relocation  of  one  light  to  the  side  might  provide 
better  light  distribution,  but  would  require  Judgment  of  each  case  on  Its  own 
merits.  The  best  action  to  take  for  Improved  and  standardised  night  lighting 
would  be  to  amend  present  FAR  23.1381  which  now  states  that  a cabin  dome  light 
is  not  an  Instrument  light.  This  exclusion  of  a cabin  dome  light  as  an  Instru- 
ment light  could  be  expanded  to  exclude  a single  floodlight  as  an  acceptable 
Instrument  light. 

The  evaluation  by  FAA  engineering  In  certification  should  Insure  that  Instru- 
ment lighting  meets  at  least  the  following  standards: 

1.  Lamps  should  be  replaceable  without  major  disassembly,  and  spare  lamps 
should  be  readily  accessible. 


58 


FIGURE  12.  OVERHEAD  CABIN  FLOODLIGHTING  SYSTEM 


2.  Instrumant  lighting  should  be  white,  with  provliitlon  for  added  color 
filters  being  allowed. 

3.  With  pilot  seats  occupied,  there  should  be  reasonably-even  light  distri- 
bution over  all  essential  Instruments  and  control  markings. 

4.  Light  Intensity  should  be  adjustable  over  a sufficient  range  to  support 
operation  In  the  normal  range  of  twilight  and  night  conditions. 


ELECTRICAL  CIRCUIT  PROTECTIVE  DEVICES 


THE  PROBLEM. 

An  inspection  of  general  aviation  aircraft  disclosed  a wide  diversity  In  the 
location  and  arrangement  of  circuit  protective  devices.  In  some  aircraft,  these 
devices  wure  located  in  areas  not  readily  visible  to  the  pilot.  Furthermore, 
there  was  no  distinctive  arrangement  or  logical  separation  of  critical  from 
noncrltlcal  protective  devices. 

RELEVANT  FACTORS. 

Tbie  selection,  application,  and  Inopectlon  of  electric  over-current  protective 
devices  are  detailed  in  the  SAE  ARP  1199.  This  document  provides  technical  and 
application  information  used  by  the  designers  of  aircraft  electric  systems  and 
support  equipment  for  the  selection  of  over-current  protective  devices.  This 
document  provides  detailed  and  technical  information  on  the  three  types  of  cir- 
cuit protective  devices : circuit  breakers,  fuses,  and  11ml tars.  FAR  23.1357 
"Circuit  Protective  Devices"  specifies  the  minimum  requirements  of  circuit 
breakers  relevant  to  certification  of  FAR  23  aircraft. 

Over  60  percent  of  the  pilots  and  flight  Instructors  Interviewed  comnentad  on 
circuit  protective  devices  (table  A-3  of  appendix  A).  Criticized  were  the 
lack  of  standardized  type,  location,  and  arrangement  of  circuit  protective 
devices  within  and  between  the  aircraft  models  flown  by  theae  pilots. 

Their  comments  and  opinions  did  not  emphasize  the  need  for  standardlsstlon  of 
these  factors  for  Improved  flight  safety  so  much  as  the  need  for  standardiza- 
tion to  eliminate  an  Irritating  workload  of  locating.  Identifying,  and  rsssttlng 
tripped  circuit  breakers  or  replacing  blown  fuses.  Pilots  were  vehemently 
opposed  to  the  use  of  fuses  in  electrical  eystema  that  could  just  as  easily 
and  safely  use  circuit  breakers.  Compered  with  the  ease  of  resetting  a tripped 
circuit  breaker,  replacing  a blown  fuse  Is  cumbersome.  Getting  new  fuses  from 
the  trap  case,  Identifying  the  appropriate  amperage,  unscrewing  the  fuse  cap, 
removing  the  blown  foee,  inserting  the  new  fuse,  and  perhaps  dropping  either 
the  fuse  cap  or  the  fuse  are  all  minor  but  Irritating  tasks,  especially  under 
a heavy  workload,  night  operations,  or  during  a critical  phase  of  flight. 

The  frequently  heard  statement  "Fuses  In  aircraft  should  be  abollahod," 
describes  succinctly  pilots'  opinions  of  these  devices. 
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Inspection  of  a variety  of  older  aircraft  models  (1965-1968)  revealed  circuit 
breakers  located  In  areas  not  directly  visible  to  the  pilot.  One  model  had 
circuit  breakers  located  on  the  under  edge  of  the  Instrument  panel.  Detection 
of  a tripped  circuit  breaker  could  be  accomplished  only  by  feel.  Pilots  also 
reported  that  tripped  circuit  breakers  were  sometimes  difficult  to  detect 
because  the  tripped  circuit  breaker  did  not  protrude  sufficiently,  or  Its 
tripped  state  was  less  noticeable  because  the  uniform  color  of  the  breaker 
was  similar  to  the  color  of  the  panel  encasing  the  circuit  breakers. 

..NT  DATA. 

The  NTSB  accident  data  for  general  aviation  aircraft  during  the  period  1970 
through  197A  revealed  that  malfunctioning  circuit  protective  devices  and  tripped 
circuit  breakers  were  cited  as  a cause  In  28  accidents  and  as  a contributing 
factor  in  56  accidents.  It  is  highly  probable  that  some  minimal  circuit  breaker 
design  changes  as  observed  in  current  model  aircraft  and  described  later  would 
reduce  the  frequency  of  these  occurrences. 

DISCUSSION. 

Inspection  of  circuit  protective  devices  in  late  model  aircraft  revealed  some 
designs  that  minimize  the  problems  associated  with  these  devices. 

The  general  trend  was  the  use  of  circuit  breakers,  rather  than  fuses,  where 
feasible.  Dual  color  coding  of  the  circuit  breaker  (head  different  from  stem) 
provides  color  contrast  for  easy  detection  of  the  tripped  state  of  the  breaker 
(figure  13).  In  single-engine  aircraft,  the  general  location  of  the  circuit 
breaker  panel  is  the  right  side  of  the  Instrument  panel  (figure  14).  In  multi- 
engine  aircraft,  circuit  breaker  panels  were  located  by  the  pilot's  left  side, 
either  on  a console,  or  on  the  left  panel  of  the  fuselage  interior.  Either 
location  Is  visible  and  easily  accessible  to  the  pilot  t^lgure  15).  Some 
manufacturers  have  cnlor-coded  those  circuit  breakers  which  are  critical  to 
flight,  but  no  standard  color  scheme  has  been  adopted. 

These  designs  were  definite  improvements  over  older  fuse/clrcult  breaker 
systems,  and  should  reduce  pilot  workload. 

RECOMMENDATIONS . 

Regulatory  action  to  standardize  the  location  of  electrical  protective  devices 
would  be  extremely  difficult  and  overly  restrictive  because  cockpit  space 
is  limited  by  the  design,  auxiliary  equipment,  and  complexity  of  the  aircraft. 

However,  desirable  and  practical  human  engineering  features  of  circuit  pro- 
tective devices  can  be  achieved  through  a recommended  design  practice  ov 
amendment  of  the  existing  ARP  1199  to  Include  the  following  recornmendatlons: 

1.  Eliminate  the  use  of  fuses,  where  possible.  In  those  electrical  systems 
where  a reset  circuit  breaker  will  not  compromise  the  safety  of  the  aircraft 
or  its  essential  electrical  subsystems. 


61 


FIGURE  13.  EXAMPLE  OF  VISIBLE  CIRCUIT  BREAKERS  IN  A MLTTIENGINE  AIRCRAFT 
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TYPICAL  CIRCDIT  BREAKER  LOCATION 


22-38-16 


2.  Circuit  breakers  should  be  easily  identifiable  and  readily  accessible 

to  the  pilot.  Circuit  breakers  protecting  critical  circuits  should  be  distinct 
and  separated  from  those  circuits  protecting  less  critical  systems. 

Standardized  color  coding  Is  recommended. 

3.  The  tripped  state  of  a circuit  breaker  should  be  readily  apparent  by 
color  coding  of  the  inner  portion.  Further,  the  circuit  breaker  heads  should 
contrast  with  the  color  of  their  panel  or  surrounding  area. 


SUMMARY  OF  RESULTS 


The  goal  of  this  effort  was  to  Identify  those  characteristics  of  general 
aviation  cockpit  design  whose  improvement  through  Increased  standardization 
and/or  better  human  engineering,  would  both  contribute  to  safety  and  efficiency 
of  flight  and  also  be  feasible  and  practical. 

Information  was  collected  from  three  sources:  a survey  of  experienced  and 
instructor  pilots,  accident  analysis,  and  a literature  review. 

Pilots  reported  difficulties  caused  by  lack  of  standardization,  outlined  design 
features  Important  to  flight  safety,  and  offered  examples  of  accidents  and 
incidents  due  to  workload  or  confusion-inducing  cockpit  characteristics. 

Accident  reports  were  studied  and  statistics  were  tabulated  to  determine  fre- 
quency of  accidents  attributed  to  cockpit  design  features.  Finally,  airworth- 
iness standards,  other  government  guidelines  on  cockpit  design.  Industry 
studies  and  reports,  and  design  guidance  documents  were  examined  to  take  advan- 
tage of  prior  work  on  the  topic  of  cockpit  standardization. 

It  was  apparent  early  that  the  general  aviation  Industry  Is  wary  of  government 
efforts  to  dictate  cockpit  standardization  through  regulation  by  law.  Because 
of  the  wide  diversity  of  aircraft  types  and  sizes,  the  design  differences 
in  cockpits  of  aircraft  which  were  certificated  at  different  times  and  pro- 
duced substantially  unchanged  In  subsequent  years,  and  the  possibility  of 
stifling  design  Innovation  in  new  aircraft,  the  aircraft  manufacturers 
prefer  voluntary  standardization  rather  than  regulation.  This  standardization 
is  through  industry-wide  agreements  on  design  guidelines.  The  industry  ques- 
tions whether  greater  cockpit  standardization  is  essential  to  Improve  flight 
safety,  in  that  pilots  have  been  flying  aircraft  with  significant  cockpit 
differences  for  a long  time  with  evident  success.  Hence,  this  effort  delib- 
erately avoided  utopian  thinking  such  as  a proposal  for  a universal,  ideal  cockpit. 
Rather,  the  effort  was  made  to  anchor  findings  and  conclusions  In  practical 
and  documented  advantages  for  Improvement  in  safety. 

The  cockpit  has  two  major  functions:  housing  and  protecting  the  pilot,  and 
providing  the  man-machine  Interface  of  displays,  controls,  and  aids  that  per- 
mit control  of  the  aircraft.  Priority  protective  function  candidates  for 
increased  standardization  were:  seatlatching,  upper  torso  restraints,  exit 
door  latching,  and  related  features.  Cockpit  features  important  to  flight 
control  and  management  were:  fuel  systems,  powcrplant  controls,  flight  instru- 
ments, powerplant  instruments,  instrument  lighting,  and  electric  circuit 
protection  devices. 
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There  are  additional  important  cockpit  features  and  functions  which  lack 
standardisation  and  could  benefit  from  greater  uniformity.  These  Include  the 
pilot's  external  visibility,  cockpit  dimensions,  avionics  systems,  control 
friction  locks,  safety  placards,  among  others.  However,  areas  such  as  these 
were  not  Included  because  there  was  not  a strong  argument  that  safety  would 
be  Improved  significantly.  In  other  cases  where  an  Important  safety  problem 
was  noted  greater  standardisation  was  Impractical  at  this  time  within  reason- 
able economic  and  production  constraints.  Thus,  this  treatment  of  cockpit 
standardization  is  an  Initial  analysis  only  of  those  areas  of  cockpit  design 
where  standardisation  appeared  important,  timely,  and  economically  reasonable. 


STANDARDIZATION  ACTIONS  RECOMMENDED 


To  better  house  and  protect  the  crew  and  other  occupants  of  aircraft,  the 
following  areas  of  cockit  design  are  proposed  for  industry-wide  standardization 
through  changes  In  Federal  Airworthiness  Standards,  FAR  21,  or  other  standards 
or  guides  as  appropriate. 

1.  All  aircraft  should  have  a convenient  and  safe  body  restraint  system  for 
reduction  of  injuries.  Virtually  all  general  aviation  production  aircraft 
are  equipped  with  a standard  or  optional  upper  torso  restraint  in  addition 

to  the  lap  belt.  Many  of  these  restraints  however,  are  the  across-the-shoulder, 
or  Sam  Browne  type  and  lack  convenience  features  essential  to  customer  accept- 
ance and  use.  Objection  to  one  NPRM  requirement  that  the  shoulder  harness 
be  used  at  all  times  was  vigorous.  Since  the  vast  majority  of  survlvable 
accidents  occur  during  takeoff  and  landing,  a minor  part  of  the  total  flight 
time,  this  objection  can  be  overcome  by  requiring  restraint  system  use  only 
during  takeoff  and  landing.  (Note:  See  recommendations  under  section  SEATS 
AND  BERTHS.) 

Some  systems  are  one  piece,  combined  lap  and  shoulder  belts  with  Inertia  reels 
to  permit  free  movement  and  have  self-retracting  and  storing  features.  These 
are  found  in  current  automobiles  as  well  as  airplanes  and  are  frequently  used. 
Cockpit  standardlmatlon  should  require  a restraint  system  with  these  minimum 
features,  while  recognizing  that  the  dual-loop  system,  vertically  circling 
both  shoulders  and  sometimes  called  the  "aircrew  design,"  is  superior,  although 
more  complex  and  expensive. 

2.  Adjustable  pilot  seats  must  be  designed  to  provide  reasonable  assurance 
against  Inadvertent  slippage  which  could  result  in  pilot  loss  of  control. 
Various  aircraft  now  in  productl'  i have  adjustment  track  stops  or  dual  latching 
mechanisms  that  preclude  seat  movement  during  aircraft  acceleration  which  could 
impair  the  pilot's  ability  to  conirol  the  aircraft.  These  features  and  other 
available  design  techniques  make  practical  a requirement  that  pilot  seats  are 
designed  to  prevent  InadvertanU  slippage. 

3.  Door  latching  mechanisms  and  latching  status  indications  should  be 

more  standard  and  more  positive  in  action.  There  Js  a lack  of  standardization 
in  door  latches,  and  certain  consnoii  types  are  actually  unsafe.  As  a result, 
the  cautious,  experienced  pilot  often  tests  the  door  latch  and  lock  by  pushing 


66 


his  shoulder  against  the  door.  Otherwise,  he  may  experience  a sudden 
unexpected  door  opening  In  flight.  This  current  production  situation  Is 
unacceptable  from  Che  safety  standpoint  since  available  latching  techniques 
can  solve  the  problem.  Another  problem,  requiring  regulatory  attention,  is 
that  some  common  aircraft  doors  cannot  be  opened  from  the  outside  when  locked 
normally  from  the  inside.  While  this  feature  may  be  acceptable  in  other  forms 
of  transportation  such  as  the  automobile.  It  can  be  a hasard  to  the  airplane 
occupant  since  it  may  be  necessary  for  a rescuer  to  open  the  cockpit  door  from 
the  outside  to  aid  or  remove  an  Injured  person  after  an  accident. 

To  increase  the  safety  of  flight,  the  following  man-machine  interface  areas 
of  cockpit  design  are  proposed  for  standardixatlon: 

4.  Fuel  management  syai'.amB  should  be  standardised  as  proposed  by  previous 
studies  and  recommendatlcms  (GAMA)  with  the  additional  requirement  that  Che 
tank  selector  be  accessltle  to  both  pilots  in  slde-by-slde,  dual-control 
aircraft.  The  fuel  fflana{;ement  system  has  been  amply  documented  as  a contribu- 
tor Co  accidents  through  a wide  diversity  of  design  and  operational  features, 
some  of  which  are  poor  from  a human  engineering  point  of  view  and  constitute 

a virtual  trap  for  Che  unwary  pilot.  Industry  has  proposed  better  standardi- 
zation, and  this  proposal  should  be  lm;j.1emented.  The  added  requirement  that 
Che  selector  be  located  no  that  both  pilots  can  use  it  is  practical  in  view 
of  the  possibility  that  the  aircraft  may  be  operated  from  either  seat,  and 
in  the  opinion  of  many  pilots,  the  selector  comes  within  Che  definition  of 
an  essential  control. 

5.  FowerplanC  controls  should  conform  to  the  standard  arrangement,  actua- 
tion, and  coding  proposed  by  Che  Industry.  The  concepts  of  left-to-rlght 
sequence  of  throttle,  propeller,  and  mixture  controls,  use  of  forward  actua- 
tion for  increased  forward  thrust,  Increased  RPM,  or  more  fuel,  and  knob  shape 
and  color  coding  have  been  accepted  for  revisions  to  FAR  23.  Another  Important 
feature  of  the  draft  proposal  Is  the  location,  actuation,  and  coding  of  the 
carburetor  air  heat  or  alternate  air  control,  but  It  Is  recommended  that  the 
complete  list  of  GAMA  proposals  be  Incorporated  In  FAR  23. 

6.  Basic  flight  Instruments  should  be  arranged  In  the  widely  accepted  T 
pattern  In  all  standard  category  general  aviation  aircraft  In  which  sufficient 
space  Is  available.  The  relationship  of  the  attitude,  direction,  altitude, 
and  airspeed  Indicators  has  been  accepted  by  regulation  in  transport  category 
aircraft  and  Is  almost  universal  in  newer  small  aircraft  equipped  for  . 
Instrument  flight. 

7.  Powerplant  Instruments  should  conform  to  a standard  arrangement.  For 
maximum  ease  of  use,  the  Instrument  sequence  should  correspond  to  the  sequence 
of  the  related  powerplant  controls.  A horizontal  layout  is  preferable  If 
space  permits.  Combined  Instrument  presentations  are  acceptable  If  coded  to 
avoid  confusion. 

8.  Instrument  lighting  snould  be  required  for  all  aircraft  approved  for 
training  or  night  flight.  The  present  FAR  23  exclusion  of  a cabin  dome  light 
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as  an  Instrument  light  should  be  expanded  Co  exclude  a single  floodlight 
mounted  behind  the  pilot. 

9.  Electrical  protection  should  be  provided  by  circuit  breakers  wherever 
feasible  and  should  have  a readily  visible  tripped  state.  They  should  be 
grouped  and  located  Co  be  easily  accesslblle  to  the  pilot.  While  the  trend 
has  been  In  this  direction  In  recent  cockpits,  the  present  regulations  should 
be  revised  to  require  circuit  breakers  where  fuses  are  not  preferable  for 
safety,  and  Che  description  of  an  acceptable  breaker  should  specify  an  easily 
visible  tripped  state. 

The  preceding  nine  recommendations  are  the  product  of  this  project,  but  the 
task  of  supporting  safety  and  efficiency  through  increased  cockpit  standardi- 
zation requires  continuing  study  and  testing.  The  pilot  inquiry  and  accident 
record  search  procedures  used  in  the  effort  to  justify  Increased  standardiza- 
tion are  not  the  only  ways  Co  gain  insight  Into  chronic  problems  In  this  field. 
Some  questions  can  be  answered  only  by  real  world  tests,  evaluations,  and 
observations. 

The  data  collaci.ed  verify  the  need  for  regulatory  standardization  In  many 
areas  of  cockpit  design.  FAR  23  regulation  relating  Co  cockpit  design 
characteristics  should  be  under  continuing  study  and  review.  General  aviation 
aircraft  are  not  necessarily  becoming  larger  or  more  complex  In  basic  structure. 
But  In  the  cockpit,  It  la  undeniable  that  instruments,  controls,  avionics,  and 
warning  signals  are  getting  more  complex  and  have  proliferated,  making  the 
panel  overhead,  and  side  areas  more  crowded  and  more  demanding  of  pilot 
attention.  Earlier  cockpits  had  fewer  elements,  and  a standard  design  and 
arrangement  ware  not  requisite.  Standardization  is  required  today,  and  will 
be  even  more  critical  in  the  future. 
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APPENDIX  A 
SUPPLEMENTARY  DATA 


TABLE  A-1 


COCKPIT  SYSTEM  DESIGN  AREAS 


COOCPII  CE^IEXAL 

a.  DlaanaloiuU  Crltarla 

b.  Scat  balct  and  aucralnO 

c.  aind«cra*n  Vlaiblllty 

d«  VantlXaCloa  and  £nvlroiuaant 

a.  Ooota-iVceaaa 
i.  Solaa 

g.  Placards,  Markings  and  Manual 

b.  daacar/Dafroat  Control 

FLIQttT  CONTROI.  SYSTEM 

a.  Yoka 

b.  Elovacor 

c.  Allaron 

d.  Ruddar 

a,  Elevator  Trim 
t.  fluddar  Trla 

g.  Allaroa  Ina 

h.  Flaps /Indicator 

I,  Autopilot 

J,  Euatgency 

PObERPLANT  CONTROL  SYSTEM 

a.  Throttle 

b.  Hiacurc 

c.  Prop 

d.  Carburetor  Heat 
a.  Turbo  Control 
t.  Prloer 

g,  3oo'  tar  Pump 
b>  Cowl  Flaps 

i.  Emergency 

J.  Warning  Systaa 
k.  Master  Swittn 
1<  Mag  Switch 
o<  Starter  Switch 


FUEL  management  SYSTEM 

a.  Fuel  Selectors 

b.  Indicator  (Quantity) 

c.  Fuel  F1 w Indicator 

da  Boostar  Hump 

e.  Mixture  Control 

fa  Carburetor  Hunt 

ga  Eeaigancy 

ha  Waning  System 


5a  FLIGHT  INSTRUMENTS 
Oa  Airspeed 
ba  Altimeter 
e.  Attitude  Gyro 

d.  Dirac tlonil  Gyro 
da  Hegneclc  Compeee 
fa  Vertical  Spaed 
Qa  Turn/Sllp 

h.  Vacuum 
la  Emergency 
j a Wernlng 

6a  ENGINE  INSTRUMENTS 
a#  Tachomater 
ba  Manifold  Praature 

c.  EOT 

da  Cylinder  Head  Tasparetura 

e.  Oil  Preaaure 

fa  Oil  Temperecura 

g.  Fuel  Preasurs 

h.  Fuel  Flow 
1 a Emergency 
j a Warning 

T,  NAVIGATION  AND  COMMtWICATIONS 
SYSTEM 

ea  VOR  Display 

ba  ILS/LOC/Clldealopt  Display 

c.  ADF  Display 
da  VHP  Tuning  Head(s) 
a.  ADF  Tuning  Raad 
fa  Tranapondar 

g.  RMl 

h.  Area  Nav 

1.  OME 

J a Marker  Saacons 
ka  Audio  Panel 
la  Mlka/Hlkc  Jack 
Ka  Speakar-Haadphone  Jack 
Ha  Auto  Coupler 
o a Compsaa 
Pa  Emergency 
ga  Warning 

Ta  Clock 


a.  LANOINC  GEAR 

a.  Salactor 

b.  Indicator 

c.  Uamlng 

d.  Emargancy 


9.  ELECTRICAL  SYSTEMS 

a.  Swltcbaa 

b,  Rhaoetats 

e.  Indicators 

d.  Circuit  Btaakars/Fusas 
a,  Salactor 

t.  Warning 
ga  Emargancy 

10a  LIGHTING  SYSTEMS 

a.  Cabin  Llshtlng 

b.  lastruaaat  Lighting 

e.  Map  Lighting 

d.  Extarlor  Lighting 
a.  Salector/Swlcchas 
ft  Emargancy 
gt  Warning 

11.  EMERGENCY  SYSTEMS 

a.  Stall  Wanlng/Slgnal 


12.  MISCELLANY 

t.  Parking  Braka 
b.  Friction  Locks 
Ca  Datants 
da  Control  Locks 
a.  OAT  Gauge 

I.  ANTHROPOMETRIC  FACTORS 
Location 
Accasalblllcy 
Slat 

II.  VISUAL  EACrnRS 
Vlaiblllty 
Raadabllity 
Color  Coding 

III.  POPULATION  STEREOTTPii  FACTORS 
Logic  of  Oparatlon 
Cnnfuatlon  Factor 

IV.  OPERATION  FEEDBACK 
Eaaa  of  Oparatloo 
Shape  and  Teal 


best  available  copv 


TAiU  A-2.  TAmATTJ  HUOT  COMOBfrS  CM  OOOOFIT  tVmo-DUlOU  ASlAt 


Kia^r  of 

rilot 

2n— ftti 

Hu^r  of 
Pilot 
CoMonco 

ilH 

Miiabn'  of 
Pilot 
£S9B££ 

NiMbar  of 

Pilot 

Itoa  CewMnta  Itaa 

39 

fual  Sclaetort 

40 

Cabtn  DijMnAlono 

2i 

Turn/Blip  ladteator  9 

Itartor  Switch 

5; 

l>aera«Uteli«g-LoGka 

3« 

Carburotor  Haot  Control 

20 

Ailofon  Trta  9 

Vortical  Spoad 
Indicator 

3b 

riAf  Control/ 
lulicotor 

37 

Kaor^ney  iatidlii|  Goat 

20 

Turbo  Control 

Plight  taatrugant 
Wamlog 

51 

Klnturo  Control 

37 

Landloi  Coor  tndlnakoro 

19 

Cowl  Piapa 

Plight  Control 
iMrgancy  Syatana 

M 

VOft  Dloploy 

IS 

Landioa  Ooar  .'Ukactor 

18 

Puai  Pual  iidloator 

Coapaaa  latrgancy 

32 

ThrotkU 

35 

Parhlat  Aroka 

18 

Inoat  Punp  (Puol 

MaAagoaa/it) 

Boargancy  Light 
Syataoa 

32 

TochoMtor 

34 

Attltudo  Cyrn 

18 

Prtctlon  Lacka 

kuddar  Controla 

SI 

I'Ml  indieotorn 

34 

AutoMClL  Qiroc  'un 
Piiidor  (ADP)  PiL-  lay 

17 

Hagnatic  Coapaaa 

PoWorpKnt  Warning 
gyai-aM 

3U 

Circuit  Imnkorc 

Vuaoa 

34 

AUP  Tunlni  Haad 

14 

Carburotor  Kaat  (Pual 
HanagMMnt) 

Puol  Mattagiioont  Qoft 

goncy  Byatooa 

3'* 

Cabin  Li|Mittg 

34 

Hap  llthto- 

15 

Oil  Praaauto  Gau«» 

Powtrplant  loargoncy 

ByitoM 

49 

SciU  Wamini 

30 

Placorda,  Nonuolt 
Karklnci 

15 

Pual  fraaaura  Cauga 

B11 

4; 

ioAti  Naakralnta/ 
UCehaa 

19 

Hlacura  Control  (Pool 

Hanaiasant) 

14 

Oil  Ton^rakura  Cauga 

Arra  Navigation 
Equlpoant 

4/ 

Airapaad  IndUutor 

2i 

RAaoatAta 

14 

Datanta 

Haatar  Switch 

4; 

Hoatar/Dofrog^tr 

27 

looit  PuaM 

13 

Vacuua 

Plight  InatruoontN 
(iSaargoncy) 

46 

Eiavacor  Trlu 

27 

Pool  Uornlni  Cyatnn 

15 

Tranapondtr 

Katarlor  Lighta 

45 

rropaXlar  Control 

26 

Cockpit  Nolio 

12 

Harkar  laacona 

Bngina  Inotrusonta 
(Boarganey) 

43 

AlLiMtor 

26 

Cylindor  Hood 
Toaporotur* 

13 

Spoakar  (Kaadphonac) 

mu 

44 

1L.S«L0C-CS  Uloplay 

24 

I^ndlrm  Ooor  Uarnink 

SyotoB 

12 

Klortrlcal  Indicatora 

Eloctrlcal  Syatfiu 

44 

VHr  Tuning  Hood 

24 

Cabin  Vonrilatlon  (CO) 

13 

Light  Solortor  Bvltrhoi 

Warning  Llghtii 

4 1 

EltcCricol  <lvltch«o 

24 

Control  Ui<'k« 

12 

ECT  Caugr 

klavator  Contrul 

4 2 

Honlfold  froaouro 
Caugt 

21 

Audio  Panrl‘1 

12 

fual  flow  (Puol  Nanaw*' 
nont ) 

Auto  Cotipivr 

42 

liiHtruaont  Liahto 

22 

Yoko 

12 

Clork 

NAV/CQMt  Ryiiv^ 
Ei»rt»ncy 

41 

Wtndocroon  VlolbilUir 

72 

Olrarilonal  Cyrd 

12 

Klorrrlcal  Syotas 

Mam  Inga 

Btoclrlral  Syacon- 

Maorgonry 

41 

Huddor  Trta 

21 

Hasnoto  i»wlit-h 

11 

lAgld*  Byotfl*  Ikimlngo  1 

NAV/UBtl  ByatMT- 
Wamlng 

41 

Nl<  lupItono/Jocb 

21 

Prlaar 

10 

Aotopllor  1 

Outatdo  Air  Toi^r- 

■tur«  (OAT)  <)«u|r 
0 Altarun  Control 
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IDENTIFICATION  OF  NINE  COCKPIT  AREAS  REQDIRING  STANDARDIZATION 
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BtSl  AVAIIABIE  COPY 


A Long-Term  Investment 


BB  Old  airplanes  nnver  die,  they  Just  . . . 
iiiay  Juft  don't,  that's  all.  Licepting  an 
ugly,  and  fortunately  rare,  calamity,  air- 
planes will  outlive  almost  anything  mech- 
anical that  one  is  likely  to  own. 

. This  comforting  word  comas  not  from 
the  people  ^who  make  elrplanis,  but 
rattier  through  those  who  regulate  them— 
the  PAA.  It  seems  thi  aviation  agency 
wanted  to  know  more  about  the  life  cycle 
of  little  airplanes  and  eommissionsd  s pri- 
vate company  to  find  out  The  findings, 
published  as  “A  Study  of  Attrition  In  the 
Domestic  Central  Aviation  Fleet"  art, 
upon  reflection,  a tribute  to  the  way  little 
airplanes  ar#  built,  maintained  ana  flown. 

Towifa 

"...  a new,  all-metal,  four-place  single- 
engine  land  aircraft,  propa-ly  matnialnad 
and  wall-hangared,  and  used  a careful  200 
hours  a year  could. last  forever,  !n  any 
east,  given  a destruction  rate,  its 

half  Ilfs  Is  , , , 92  years,  not  a particularly 
propitious  outlook  for  an  Industry  In  an 
economy  based  on  planned  obsolescence, 

"A  million  dollars  worth  of  public  liabil- 
ity aviation  Insurance  can  be  bought  for* 
$150  e year;  hull  Insurance  ranges  in  pre- 
mium from  1,5%  to  6%  of  the  value  of 
the  hull.  These  rates  suggest  that  It  li 
cheaper  to  Insure  an  aircraft  than  an  auto- 
mobile which  implies  In  turn  that  not 
many  aircraft  are  Involved  In  accidents." 

While  these  results  were  complimentary, 
the  study's  purpose,  as  already  stated, 
was  to  better  define  the  general  aviation 
aircraft  population  and  life  pattern.  The 
research  results  pretty  much  confirm  what 
pilots  have  long  known  regarding  who  buys 
airplanes,  but  revealed  some  statistical 
surprises,  too. 

Of  the  new  single-engine  airplanes  built 
each  year,  th'e  study  said  23%  art  sold 
for  Instruction,  17%  are  bought  by  busi- 
nessmen, 20%  go  , for  executive,  crop 
dusting,  air  taxi  and  industrial  rental  cus- 
tomers and  another  20%  are  purchased 
for  persona!  transportation. 

However,  the  study  noted  that  by  the 
time  these  planes  are  10  years  old,  only 
5%  are  used  for  instruction  while  those 
used  for  personal  transportation  climbs 
to  30%  of  the  fleet  and  business  use 
climbs  la  25%.  By  this  time  too,  about 
10%  of  the  original  fleet  has  disappeared 
from  the  registration  rolls. 


At  the  end  of  the  next  decade,  personal 
and  business  use  account  for  80%  of  the 
aircraft  owned  and  the  original  float  has 
been  reduced  to  72%  of  its  original  sizt, 

Ths  fleet  will  then  continue  to  diminish 
with  ths  years  through  accidents,  sersp- 
page  or  retirement,  but  It  probably  won't 
disappear  altogether.  Of  ths  32.000  air- 
planes built  In  1946—30  years  ago— some 
10.000  of  them  are  still  fiving. 

Ths  usage  pattern  tor  multi-engine  air-, 
craft  Is,  as  expseted,  different  from  that  of 
the  singlt-englne  fleet  Seventy  percent  of: 
the  new  multls  are  purchased  for  business, 
use  and  air  taxis  account  for  15%  of  thtj 
crop.  As  time  passes,  oersonal  use  of  tht| 
used  multis  grows.  . 

All  told,  the  report  said,  "Eighty  percent  1 
of  ths  aircraft  ever  built  art  atlll  out' 
there."  It  noted  that  each  year's  croo  of, 
aircraft  decreases  by  3%  or  less  annually 
and  that  tnese  departures  art  “an  essan-| 
tially  random  function  of  age,  chance  of 
destructive  accident,  retirement  or  scrap- 
page."  ' 

Ths  worst  year  for  any  aircraft  crop 
seems  to  bs  Its  IBth,  For,  the  study  ob- 
served, "the  closer  they  get  to  age  18,  the 
more  likely  they  are  to  ciisaopeur  Info  th^ 
parts  bln  of  a successful  fixed-base  cptra- 
lor,  as  a down  payment  on  a new  (but  es- 
senflally  Identical}  model,  or  perhaps  one 
that  has  been  in  a training  or  .ental  fleet 
for  a year  or  so." 

If  a plane  should  survive  its  16th  birth- 
day, the  Statisticians  say  it  will  likely  live 
to  be  a very  ripe  old  age,  "Older  aircraft," 
the  report  explained,  "are  kept  and  main- 
tained and  occasionally  flown  as  aesthetic 
possessions.” 

One  curious  fact  uncovered  by  the  rs- 
seirchers  is  that  since  1960,  aircraft  have 
been  progressively  more  lo.ig-lived.  Why? 
"They  are  more  expensive,"  the  report 
concludes,  "hence  better  maintained.  Mora 
and  more  aircraft  arc  hangared  each  year 
further  Increasing  their  life  expectancy. 

“It  It  possible  that  by  1993,"  the  report 
continues,  "the  attrition  rate  by  age  of  air- 
craft will  be  essentially  flat  for  30  years, 
St  an  annual  rate  of  .5%  or  1%." 

Perhaps  mountains  have  a slightly  bet- 
ter rate  of  attrition,  but  not  much  else. 
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Brl«t  D«*erlptlon  of  Accld«nt 

night  lootnictor  placad  mljitur*  control  to  cut  off  to  *how  *tud*nt  gild*  ratio  of  aircraft. 

Eaglan  would  not  raatart. 

Pilot  atatad  ha  puUad  aiatur*  control  In  llau  of  earburttor  haat.  Could  net  got  «ngla*  raatartad 
Studant  pullad  alztur*  control  to  off  whan  ha  Intondad  to  apply  carburetor  haat. 

Engine  quit  from  fuel  atarvatlon  with  full  rich  alztur*  being  uaad  at  2,300  foot  and  crulalng. 
night  Inatruotor  pulled  alxtur*  control  to  alaailata  anarganey  landing.  Eaglna  would  not  raatart. 
Pilot  inadvertently  pulled  alztur*  control  Inataad  of  applying  earburator  haat. 

Pilot  pulled  alztura  to  idle  cut  off  Inataad  of  pulling  on  earburator  haat  on  baaa  lag. 

Carburetor  haat  control  found  In  cold  poalelon  and  nlztura  eontrol  in  full  lean. 

Pilot  pullad  nlztura  control  Inataad  of  propallar  control.  Pilot  had  logged  only  1.2  hra,  la  thla 
modal  la  laat  90  day*. 

Pilot  nada  taka  off  with  full  rich  mlxCuta  with  danalty  altitude  of  7,730  feat' than  applied 
carburetor  heat  whan  angina  "apattarad"  eaualng  further  loaa  of  powar,  ' 

Pilot  applied  full  carburetor  heat  and  full  rich  mixture  at  low  powar  raaultlng  la  "loading" 
angina  with  axcaaalva  rich  alxtur*. 

Power  lot*  on  taka  off  du*  to  pulling  alxtur*  control  la  llau  of  propallar  control. 

Powar  loaa  during  approach  to  land.  Pilot  pullad  alztura  control  thinking  aha  wa*  actuating 
annual  flapa  control.  Aircraft  equipped  with  aleeteleal  flap*  with  awlteh  eloaa  to  olxtura. 

Pilot  took  off  with  alxtur*  laanad  out  dua  to  high  danalty  altitude.  Powar  loaa  on  taka  off, 
pilot  applied  full  rich  olxtura  aa  caught  by  inatruetor. 

Pilot  believed  to  have  pulled  ad.xtura  control  on  approach  in  llau  of  earburator  heat.  Student 
waa  BMt*  faalllar  with  the  PA  28-140  aircraft.  RPM  dropped  froo  2400  to  700  whan  he  pullad 
what  he  thought  waa  carburetor  heat. 

Englna  quit  on  downwind  lag  for  landing.  Pilot  ballavad  to  have  Inadvartantly  pullad  the 
olxeur*  control  In  llau  of  earburator  haat. 

Attaoptad  a tOLko  off  aftar  prasautlonary  landing  off  airport  with  ml.xtur*  control  partially  In 
lean  poaltlon.  Englna  quit  at  4 feat. 

Student  pilot  on  alaulatad  angina  out  with  fuel  aalaetnr  off,  uaad  olxtura  control  aa  a "choka", 
pulling  olxtura  out. 

Inatruetor  pullad  olxtura  control  for  aioulatad  anarganey  and  angina  would  not  raatart. 

Studant  inadvertantly  pullad  nlxtura  control  in  llau  of  carburetor  haat. 

Pulled  alxtur*  control  to  almulata  angine  failure  and  anglnr  would  not  reapond  whan  olxtura 
puvhed  in  du*  to  low  altitude. 

Powar  loaa  on  approach.  Pound  olxtura  control  partially  in  shutoff  poaition. 

Instructor  pullad  olxture  control  to  sioulate  englna  failure.  Englna  did  not  raapond  whan 
control  was  placed  in  "rich," 

Engine  ioat  power  on  tipproach  dua  to  mixture  in  full  rich  at  a danalty  altitude  of  3,330  teat 
in  Idaho, 

Pilot  Inadvertently  pulled  olxtura  out  sooetloa  during  lauding  approach. 

Pilot  ballavad  to  have  leaned  out  olxtura  Inateed  of  reducing  propeller  due  to  dlatractlon  on 
taka  off  (floata). 

Bach  aUxturc  controla  inadvertantly  retarded  after  taka  off  with  double  power  failure. 
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Pilot  inadvartantly  pullad  chr  olxtura  control  rethar  than  carburetor  heat  on  deicsnt. 

Studant  pilot  pullad  mixture  control  rethar  men  carburetor  haat. 

Plight  Inatruetor  pulled  olxtura  control  to  stoulate  aoargency  landing  after  taka  off.  Englna 
would  not  raapond  to  throttle. 

During  forced  landing  almuletloa  flight  Inatruetor  pullad  alxcura  control  to  full  lean. 

On  aacond  landing  studant  pullad  mixture  control  to  off  inataad  of  applying  carburetor  haat. 
Flight  inatruetor  movad  lUxtura  control  to  off  poaltlon  to  alanilata  angina  fatlura.  Could  not 
gat  angina  raatarted.  Eattary  and  altamator  both  found  bad.  .■ 

Englna  loat  power  on  taka  off  for  raaaona  unknown.  First  flight  In  typa.  Pilot  ballavad  to 
have  pullad  olxtura  control  In  llau  of  propallar  pitch  control.  luspaetor*  obaarvatloo 
Includad  rwfaranca  to  Idantlcal  shape  of  olxtura  and  propallar  controla  with  only  dlatlngulahlng 
point  being  color. 

Fatal  accident  - both  englnaa  quit  aftar  low  paaa  over  flald.  A pilot  aaaoclata  atatad  pilot 
had  to  ba  conatautly  readndad  to  mova  propallar  and  mixture  controla  for  a "go-around." 

Flight  Inatruetor  pullad  olxtura  coutroi  to  cut  off  to  alsailaci  anqlna  fallurt  at  800  feat. 

Pl_lot  failed  to  laao  xlxtura  while  flying  at  8,000  feat  and  fuel  axhauatlon  risultad. 


A- 6 


268.0 


ARP  1166 


A 


AEROSPACE 

RECOMMENDED 

Society  of  Automotive  Engineers,  Inc.  P R ACT!  CE 


RtVilMt 


5-13-76 


INSTRUMENT  PANEL  ARRANGEMENT 
FOR  nXED  WING  AIRCRAFT  UNDER  12,600  LB 


1.  INTRODUCTION  J 

Inutrument  ponel  arrangementH  have  varied  greatly  belweea  different  model!  of  alromlt.  Thle  has 
been  the  caiise  of  some  ptiula  experiencing  difficulty  In  moving  from  one  model  aircraft  to  another. 

To  efficiently  perform  cither  VFK  or  IFlt  teeka  the  pilot  frequently  hae  been  faced  ivlth  relearning 
the  locations  of  the  flight  instruinents,  roclioe,  navigation  displays,  swltubee,  and  control! . 

To  mike  transition  easier  and  help  eliminate  pilot  confusion.and  possible  mlsmatiigement  of  the 
airplane  which  could  contribute  to  causing  an  accident,  it  is  deemed  desirable  to  Improve  the  t om' 
monality  between  aircraft  instrument  panel  arrangements,  switches,  and  controls. 

As  a first  step  to  achieving  commonality  this  AitP  Is  dlreotcd  at  placement  of  the  bailo  six  flight 
Instrument!  and  the  primary  navigation  inetrumcnts. 

2.  PURPOSE 

This  recommended  practice  sets  forth  the  flight  tnatriiment  panel  layout  as  recommended  by  SAK 
Committee  A-20C.  Cockpit/Cnbln  StnndttrdUatloo  - Cisnerol  Aviation  Aircraft. 

.1.  SCOPE 

3. 1 The  reuommvndallons  cover  tliu  arrangement  of  flight  inatrumenta  nnd  navigation  Indicntore  In 
fixed  wing  aircraft  under  12,D0U  poimda, 

3.2  The  arrangements  are  npplicniile  to  t>">  circular  diol  Instruments  In  use  at  the  date  of  Issue  ol  this 
ARP.  It  Is  not  Intended  to  rvstricl  future  design  or  display  concepts  or  to  anticipate  vertical  InpoM, 
integrated  d lap  lays  or  other  now  dovcloptnenls. 

3.  3 Tile  rrcKimncndcd  (lUnel  urr.angciiicill  tiiuy  lie  modified  to  cntisnce  the  performance  of  particular 

nilsHlimn  nr  lo  accommodate  Rpecliil  cupiililllMcs  of  the  nlrplnne  nnd/or  Instrumentation. 

4.  INSTRUMENT  AlUtANUEMENT 

4,  1 Figure  I Nhow.4  the  general  rcliilluimbip  of  llic  fllghl  and  navigntloii  InillcaUirs  for  one  pilot  olrcraR 
or  the  Unplain's  position  when  two  pilot  position  Imitrumcnt  pniicls  sre  used. 

4.2  VMicn  Iwi)  Instruiiienl  panele  lire  uand  fur  two  pilot  oircinfl  the  flight  Inslruments  for  the  cnpllol 
should  use  the  same  nrriliigcinent  iis  the  Cuptnln'e  except  that  the  VOIt  No.  1 and  VOR  No.  2 may  bo 
(IlHrrgiirded. 

4.3  The  No.  2 Villi  position  l.s  the  preferred  position  fur  the  second  VUR  Indicator.  If  only  one  VOR  Is 
used  or  If  nmilher  nnvigulion  liiHlrmoenl  is  used  nearly  iqunlly  with  the  X'Olt.  Ihs*  Indicator  may  lie 
Ijliired  In  the  No,  2 Vifit  poRltloii. 

4.4  Ail  [nHtriiincnt  tvinding  .System  glide  slt>pt.>  t‘roHM  pointer,  when  used,  slioutd  be  Incorfioi .itt^d  Into 
the  Villi  No.  1 (IO.SIIIOII. 
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5.  msmUMENT  PANEL  LOCATION 

C.  I The  gyro  horUon  or  Inetrument  that  mo«t  eirectlvaly  tndisatea  attitude  ehould  be  aa  neares  poesible  to  the 
top  moat  poBitlon  and  aa  near  aa  poaaible  to  the  canter  of  the  pitot'a  poaltlon. 

5.2  Other  Intlloatora  ahould  be  located  in  the  geneial  poaltion  ahown  In  Figure  1.  It  la  not  Intended  that  they  be 
placed  in  rigid  horleontnl  and  vertical  linea  (although  it  la  preferred).  The  Indicatora  ahould  be  In  uniform- 
ly apaced  groupinga  In  front  of  the  pilot  poaltlon. 

PREPARED  BY 
SAE  COMMITTEE  A>23, 

COCKPIT/CABIN  STANDARDIZATION-GENERAL  AVIATION  AIRCRAFT 
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PPOPOEEL 
8AE  ARP  1318 

ABROSPACS  RECOMMEHOEO  PRACTICE 
QBNBRAL  AVIATXOB  SEAT  DESIGN 


PURPOSE 

Th«  purpose  o£  this  ARP  Is  to  provide  design  criteria 
for  pilot  and  passenger  seats  for  general  aviation  aircraft. 
Xt  Includaa  racosuRandationa  for  features  Involving  function 
and  utility  as  well  as  for  minimum  strength  and  energy 
absorption  capabilities. 

In  tha  preparation  of  this  recommended  practice, 
oonaldaratlon  was  given  to  tha  requirements  of  the 
Federal  Aviation  Regulations,  the  results  of  numerous 
atcldent  Investigations  and  rasearch  programs  and  the 
xacbmaendatlona  of  aircraft  operators  and  manufacturers. 

'fissEa'; 

Tha  pilot/passenger  seat  is  the  basic  Idnlc  between 
the  occupant  and  the  primary  etructuze  of  tha  aircraft. 

It  la  essential  that  tha  svpport  and  tie-down  functions 
be  aeeoRpllshad  In  a manner  that  will  provide  maximum 
practical  safety  and  security  during  all  normal  conditions 
of  flight,  emergency  flight  maneuvers,  crash  landings  and 
survlvable  type  accidents.  These  basic  functions  shall 
be  given  major  coniideration  as  coitpared  to  other  factors 
such  as  comfort  or  appearance. 

This  ARP  is  intended  for  application  to  aircraft 
approved  under  Part  23  of  tha  Federal  Aviation  Regulationn. 
Although  most  general  aviation  aircraft  In  this  category 
axe  approved  for  single  pilot  operation,  those  recommenda- 
tions noted  as  applying  specifically  to  pilot  seats  will 
be  understood  to  apply  to  any  seats  for  which  the  occupant 
has  access  to  the  airplane  flight  controls.  ; . 

In  tho  design  areas  .foi.  which  they  apply,  Ll-ie  Federal 
Aviation  Regulations  should  be  considered  minimum  require- 
ments . 

PEFIMITlOd^  . 

Sent  Assetrblv  - One  complete  seat  unit.  Whether  for  single 
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or  multlpla  occupancy.  Tha  aaat  aaaembly  may  Includa  but: 
not:  ba  limited  to  the  seat  structure,  cushions,  trim  panels, 
arm  rests,  dreaa  covers,  ashtrays,  headrests  and  accessory 
pockets  or  shelves  as  applicable,  it  does  not  In^plicitly 
include  seat  belts,  shoulder  harnesaes,  seat  tracks  or 
other  equipment  normally  attached  to  the  nriroary  structure 
of  the  aircraft. 

3.2  Beat  Primary  structure  - That  portion  of  the  seat  Structure 
Which  provides  the  support,  restraint  and  energy  absorption 
link  between  the  occupant  and  the  aircraft  primary  structure. 

3.3  Beat  Secondary  Structure  - That  portion  of  the  seat  structure 
intended  to  meet  comfort,  utility  or  appearance  requirements, 

3.4  ■ Seat  Ultimate  Static  Load  - The  highest  load  to  \/hioh  the 

seat  may  be  subj acted- for  a minimum  of  three  (3)  seconds 
without  failure. 

3.5  fleet  Ultimate  Dynamic  Load  - The  highest  load  to  which  the 
Seat  may  be  subjected  under  conditions  of  dynamic  arrest 
without  failure  or  loss  of  restraint  function. 

3.6  Standard  Occuoant  Weight  - Static  and  dynamic  seat  loads 
shall  be  based  on  a standard  occupant  weight  of  170  pounds 
(aerohatic  190  pounds) . 

3.7  Neutral  seat  Refarenee  Point  - The  Intersection  of  a line 
tangent  to  the  surface  of  the  seat  bottom  cushion  and  a 
line  through  the  seat  back  cushion  representative  of  a 
back  tangent  line,  under  a no-load  condition. 

3,g  Seat-Back  Breakover  - The  design  feature  which  permits  the 

seat-back  to  fold  forward  from  the  normal  upright  position 
fox  purposes  of  passenger  access  or  scat  installfition , 
removal  or  storage. 


4 . flECOMMEN  DkT  IONS 

plmenslons  - The  recommended  ranges  for  seat  dimensions  are 
given  in  Figure  1.  Illustrations  are  for  dimensional 
purposes  only  and  are  not  Intended  to  fix  the  actual  shape 
of  the  seat.  It  is  understood  that  all  dimensions  Influenced 
by  passenger  weight  (i.a.,  cushion  deflection)  are  to  be 
measured  under  1 g static  loading  with  an  occMpant  of 
standi'  rd  weight. 
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Adlustwont  - Adjustable  pilot  seats  are  reconune.ided  in 
order  to  Insure  that  occupants  of  different  sizes  and 
weights  can  perform  their  work  in  the  most  efficient  and 
comfortable  manner.  \'fhen  such  adjustable  seats  are 
provided,  the  following  adjustment  ranges  are  recommended. 

4.2.1  Vertical  Adjustment  vrhere  practical,  the  pilot  seats 
should  be  adjustable  vertically  through  a range  of  at 
least  four  (4)  inches  in  increments  of  no  greater  than 

1 inch  throughout  the  entire  range.  The  purpose  of  seat 
adjustment  is  to  provide  the  optimum  eye  location  for 
visibility  inside  and  outside  the  cockpit  and  to  provide 
oomfortabie  and  efficient  access  to  ths  controls.  The 
adjustment  mechanism  should  incorporate  a means  of  raising 
the  seat  freely  to  the  maximum  up  position.  It  should 
be  designed  in  such  a way  as  to  insure  against  inadvertant 
actuation  to  extreme  positions  during  normal  or  emergency 
flight  conditions.  It  is  recommended  that  the  vertical 
adjustment  contrulo  for  the  seat  should  be  located  under 
tha  left  hand  forward  portion  of  tha  seat. 

4.2.2  Angular  Adjustment  of  Seat-Back  - If  angular  adjustmant  io 
provided  or  if  the  seat-back  has  breakover  provisions,  it 
need  not  be  restrained  in  tha  normal  upright  position 
against  forward  motion  under  the  loads  specified  in  Ssetior 
4 unless  the  shoulder  restraint  harness  is  attached  to  the 
seat  back  structure.  If  the  shoulder  restraint  harness 

Is  attached  to  the  seat  back,  then  the  seat  back  should  be 
capable  of  withstanding,  in  any  normal  position,  the  inertia 
loads  specified  in  Section  4.4.2 

4.2.3  Fora  and  Aft  Adluafanent  - Wiere  practical,  the  pilot  seat 
should  bo  adjustable  in  the  fore  end  aft  direction  for  a 
distance  of  at  least  eight  <3)  inches  In  Increments  of 
not  lots  than  one  (1)  inch.  For  aircraft  equipped  with 
adjustable  rudder  pedals,  appropriate  reductions  in  fore 
and  aft  adjustment  ace  acceptable  so  long  as  the  rolation- 
ahip  between  the  seat  position  (s)  and  the  control  for  pitch 
and  roll  permits  efficient  and  comfortable  operation. 

The  fore  and  aft  adjusting  mechanism  and  latches 
should  be  designed  in  i'uch  a way  as  to  insure  against 
inadvertant  actuation,  either  by  the  occupant  or  by 
Inertial  forces,  to  extreme  positions  during  normal  or 
emergency  flight  conditions.  In  the  interest  of  standard- 
isation, the  fore  and  aft  seat  actuation  controls  should 
be  located  under  the  right  forward  portion  of  the  seat. 
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Arm  Rast3  - If  arm  rests  are  provided  as  part  of  the  seat 
structure,  they  should  be  designed  to  fold  in  such  a way 
as  to  mlniiaiza  interference  with  entrance  to  or  exit  from 
the  seat.  Insofar  as  practical,  arm  rests  should  be 
padded  or  designed  to  reduce  the  likelihood  of  injury  to 
the  occupants  in  the  event  of  a survivable  crash. 

B trend th  - Pilot  and  passenger  seats  should  be  designed 
to  the  fallowing  general  and  specific  strength  recommenda- 
tions . . 


Failure  of  the  seat  secondary  structure  under  crash  landing 
'conditions  should  not  affect  the  strength  of  the  seat  basic 
structure,  consideration  should  be  given  to  design  features 
Which  would  minitnize  the  possihility  of  incapacitating  or 
fatal  injury  to  oooupants  in  the  event  of  a failura. 

Likely  daflaetlons  of  floor  and  sidewall  structure  binder 
crash  landing  conditions  should  be  considered  in  estab- 
lishing seat  and  seat  attachment  integrity. 

Wear  and  taar  due  to  normal  use  should  be  considered  in 
designing  the  seat  basic  structure  to  meut  the  specified 
load  conditions,  special  consideration  should  be  given 
to  the  design  of  adjustment  mechanisms. 

Material  selection  and  testing  should  take  into  account 
possible  deterioration  of  strength  properties  with  time 
for  those  materials  which  have  an  effect  on  seat  strength. 


The  seat  basic  structure  should  be  suitably  protected 
against  corrosion  of  all  types  to  which  it  m.-’y  be  subjected 
in  service.  The  design  should  avoid  wherever  practical 
trapped  areas  where  spilled  liquids  can  accumulate  and 
cause  corrosion. 


Seat  design,  construction  and  attac^ent  should  be  such 
as  to  prevent  objectable  flexing  of  the  seat  under  turbulent 
flight  conditions. 

Dynamic  Ultimate  Loads  - The  pilot  and  passenger  seats  and 
their  attachment  to  the  airframe  should  be  designed  in 
conjunction  with  the  occupant  restraint  system,  to  with- 
stand the  fallowing  dynamic  load  factors  without  separation 
failure  (refer  to  4.S  on  Energy  Absorption)  . 
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4. 4. 2.1  A forward  load  of  twenty-five  (23)  g's  applied  twenty  . 

(20)  degrees  to  either  side  of  the  longitudinal  axis, 
an  aft  load  of  .*>  g's,  an  upward  load  of  15  g's  and  a 
downward  load  of  IS  g's.  Load  directions  should  be 
dfitemined  with  reupect  to  the  longitudinal  a»ls  of  the 
airplane.  The  pulse  shapes  and  durations  for  the  above 
loads  are  apecified  in  Figure  2.  Load  factors  should  bo 
measured  at  the  seat  tricHs  or  on  the  corresponding  air- 
frame st^port  structure. 

4. 4. 2. 2 Structural  eon^plianoa  should  be  demonstrated  for  the 

most  adverse  conOsination  of  the  loads  specified  in  4. 4. 2.1. 

4. 4. 2. 3 Aft-facing  seats  should  be  designed  and  qualified  to  the 
loads  specified  in  4. 4. 2.1.  The  occupant  centor-of-gravity. 
to  be  used  in  the  analyses  of  tests  for  aft-facing  seats 

le  givan  in  Figure  1.  When  headrests  are  incorporated  as 
part  of  the  restraint  system,  considerations  should  bn 
given  to  the  resulting  body  load  distribution. 

4. 4. 2. 4 Side-facing  seats  are  not  recommended.  Xf  used,  they 
should  bo  designed  or  located  so  that  the  occupant  is 
restrained  from  lateral  loadings  in  excsss  of  the  side 
loads  resulting  from  the  loadings  specified  in  4. 4. 2.1  in 
case  of  forward  facing  seats. 

4.4.3,  static  Loads  - Since  thaio  does  not  appear  to  be  a con- 
sistent relationship  between  static  and  dynamic  strength 
of  ooR\plex  structures,  no  alternate  static  loads  are 
recommended  for  structural  substantiation  of  aircraft  seats 
for  use  in  lieu  of  the  dynamic  loads  given  in  4.4.2. 

4.5  Energy  Absorption  -•  As  a minimum  requirement,  the  seat 
structure  nhould  be  designed  to  deform  progressively  when 
the  ultimate  dynamic  load  is  exceeded  and,  during  defor- 
mation, to  absorb  as  much  energy  as  possible.  For  seats 
designed  specifically  to  attenuate  crush  forces,  plastic 
deformation  of  the  energy  absorption  elements  should  not 
be  considered  to  be  a structural  failure,  so.  long  as  the 
ocetpant  eupport  function  of 'the  seat  is  unimpaired. 

4.6  Restraint  Systems  - The  seat  represents  one  p.nrt  of  the 
over-all  occupant  restrainc  system,  which  may  also  include 
the  lap  belt  and  upper  torso  restraint.  The  seat  should 
be  designed  in  conjunction  with  the  other  elements  of  the 
xeetraint  systam  and  should  not  interfere  with  their 
proper  function.  Specifically! 
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4.6.1  Pppar  Torso  Reatgalnt  - Seai:-bac1c  height  specifications 
of  Figure  1 are  based  on  considerations  of  protection, 
comfort  and  convenience.  1£  the  s'eat-bacic  incorporates 
provision  for  shoulder  harness  attachment,  the  attachment 
position  should  be  located  above  shoulder  height  or  be 
designed  so  as  to  prevent  the  shoulder  harness  from 
inposing  uncomfortable  dovm  loads  under  normal  operating  ' 
conditions..  If  attach  point  is  located  lower  on  the  seat 
back,  the  seat-back  should  not  fail  under  the  specified 
dynamic  conditions.  (Refer  to  SAE  ARP  1226,  Occupant 
Restraint  Syatera  (Active)  for  General  Aviation  Aircraft.) 


4.6.2  Lap  Belt  - If  restraint  system  loads  are  carried  by  the 
seats,  the  saat-to-airframe  attachment  strength  should  be 
equal  to  or  greater  than  the  dynamic  load  factors  given 

' in  4.4.2. 

4.6.3  ' General  - Seat  belts  and  shoulder  harness  should  be  designed 

to  be  used  and  stored  in  such  a way  as  to  prevent  entangle- 
ments with  seat,  controls  or  structure.  Automat j.c  storage 
provisions  are  desirable. 

4.7  Design  - The  following  general  design  recommendations  are 

intended  to  improve  the  comfort,  utility  and  the  safety  of 
the  pilot  and  passenger  seats. 

4.7.1  ' The  seat  should  be  designed  to  support  the  occupant  within 
the  normal  flight  envelope  and  under  crash  conditions  as 
defined  by  the  minimum  applied  xinit  loadings  of  4. 4. 2.1 
and  4. 4. 2. 3.  The  provision  is  particularly  important  for 
the  design  of  seat  pans  to  absorb  vertical  Impact;  forces. 


4.7.2  Seat  materials  should  comply  with  the  flameablliuy  require- 
ments of  Flight  Standards  Service  Release  No.  453  or  lator 
applicable  documents.  In  addition,  seat  and  armrest 
cushions  and  dress  covers  should  be  self-extinguishing 
when  siibjected  to  cigarette  burns. 

4.7.3  Materials  and  finishes  which _ generate -.appreciable  amounts 
of  toxic  gases  or  dense  smoke  when  subject  to  flame  or 
heat  should  be  avoided. 


4.7.4  The  seat  should  be  free  from  sharp  edges  or  projections 
Which  could  cause  damage  to  the  safety  belt  or  clothing 
of  the  occupant  or  which  might  injure  the  hands  of  the 
occupant  as  he  operates  equipment  within  his  reach. 
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GAMA  LETTER  TO  FAA,  JULY  26 » 1976 


i 


General  Aviation 
Manufacturers  Association 

Suite  1215 

1025  Conneotleut  Ave.,  N.W. 

Waihinolon,  D.  C.  20036 
(202)  296^48 


Noventber  30,  1976 


gi 

I 

v'l 


Do:  Mr.  Richard  P.  Skully 

Director,  Flight  Standards  Service 
Federal  Aviation  Adninistration 
Washington,  O.C.  20591 

Subject:  Dransmittal  of  Findings  of  GAMA's  Fuel  System 

Standardization  Ad  Hoc  Gcxnnittee;  refezenoe  MTSB 
ReoGranendations  A-74-35,  A-74-38  and  A~74“39 


I As  you  know,  the  National  TransportaticHi  Safety  Board  promulgated 

I a series  of  suifety  reocirtnendaticins  in  their  1974  r^iort  entitled 

I "Special  Study/  S.  General  Aviation  Accidents  Involving  Fuel 

|!  Starvation,  1970-1972",  Reixirt  Nuiher  mSB-AAS-74-1.  Reocmnandations 

I A-74-35  through  A-74-39  wene  addressed  to  FAA  v4iile  zeoccmendation 

I A- 74- 40  was  addressed  to  G/AIA.  Copies  of  these  recommendations  are 

I'  enclosed  (See  enclosure  1).  cn  November  19,  1974,  GAMA  responded  to 

) NTSB,  with  a copy  to  the  FAA,  indicating  that  GAMA  would  provide  FAA 

I with  detailed  supporting  information  from  which  to  respond  to  NTSB 

» regarding  reoamendations  A-74-35,  A-74-38  and  A-74-39  (See  enclosure 

I 2} . This  letter  oonstitutes  our  transmittal  of  that  data. 


Reoonmendatijon  A-74-35  r 


ation  of  an  educational 


ement 


GAMA's  Safety  Affaire  Oomnittee,  in  a cooperative  venture  with  the 
Ohio  State  University  and  fAA's  Accident  Prevention  Staff,  recently 
ocmpleted  a slide-tape  show  on  l-uel  management.  A copy  of  the  com- 
pleted script  for  this  presentation  entitled  "Time  In  Your  'BeUiliJt", 
and  tlie  acoonpai^ing  handout,  is  enclosed  (See  enclosure  3) . We  sin- 
cerely believe  tlmt  this  presentaticxi  will  ccnplement,  in  spirit,  any 
effort  the  FAA  may  take  to  satisfy  MISB  Reconmendation  Ar74-‘^5.  A nkisLer 
copy  of  this  slid^tapu  show  wes  presented  to  your  Accident  Prevention 
Staff  (AFS-806)  cn  Novotber  15,  1976. 
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wrSB  RBoonmBndation  A-74-38  regarding  fuel  ccntrol  standardization 

Bnclosiure  4 contains  our  proposed  changes  to  FAR  23.777  through  23.781 
regarding  proposed  specifications  to  standardize  powerplant,  flap  and 
landing  gear  controls.  GAMA  feels  that  the  location,  shape  and  color 
for  ocMl  flap  controls  are  not  considered  critical  enough  to  be  regu** 
lated. 

wrSB  RaoanmBntotiCTi  A~74-39,  regarding  propojsed  standardized  ternas  and 
nanenclature  tor  fuel  selector  \^ve8  and  other  canponents  of  aircraft 
fuel  systana 

In  addition  to  the  proposed  revisions  to  FAR  23.777  through  23.781 
GAMA  proposee  that  the  foUcKuring  standardized  terms  and  nonenclature 
relating  to  various  fuel  system  ootnponents,  functions  and  locations, 
he  adopted.  It  is  GAMA's  intent  that  this  standardization  be  used  as 
design  information  only.  7b  do  otherwise  would  have  the  effect  of 
stifling  innovation  ana  would  preclude  use  uf  the  "best”  configuration 
for  a particular  design.  If  the  GAMA  standards  are  to  be  considered 
for  incorporation  into  the  regulations,  additional  qualifying  phraseology 
would  be  required. 

GAMA  itmber  ocrpanies  have  agreed  that  the  design  suggestions  and  infor- 
mation presented  below,  relative  to  the  standardization  of  nonenclature, 
placards,  and  so  on,  will  be  implenented  with  respect  tc  new  certifica- 
tion programs. 

A.  Fuel  Selector  Ncmsnclature 

1.  Fuel  selector  placards  should  include  the  term  "Usable  Capacity". 
In  addition,  usable  capacity  should  be  denoted  in  gallons  only, 
as  opposed  to  pounds  or  pounds  and  gallons. 

2.  Ihe  fuel  selector  position  should  be  denoted  by  using  the  teniB 
"Ri^t",  "Left",  "Both",  "Off"  and  ’Aux",  as  required.  The 
intent  is  to  use  any  one  or  ucnibination  of  these  positions  as 
the  fuel  system  emd  aircraft  design  dictates.  In  addition  to 
the  selector  position,  the  fuel  selector  placard  should  incor- 
porate the  name  of  the  control,  i.e. , "Fuel  Selector". 
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3.  Any  special  conditions  required  for  a specific  airplane  should 
also  be  noted  on  the  fuel  selector  valve  placard,  mis  is 
oonaiatent  with  FAR  23.1555  (c)  (2)  and  (c)  (3). 

It  is  reconnended  that  a new  peiragraph  (c)  (4) , reading  ^ 
follows,  be  incorporated  in  FAR  23.1555  in  ordu  to  fully 
achieve  the  objective  of  this  requirenent: 

” (4)  Fuel  selector  valve  position  placards  must  be 
Immediately  adjacent  to  the  indicator  end  of  the  selector.” 

B,  Fuel  Tank  Momenclature 


In  addition  to  fuel  selector  valve  nononclature,  GAMA  has  established 
specific  standardized  definitions  for  fuel  tank  ncmenclature.  At 
f^esent,  tanJcs  may  be  called  main,  ric^t,  left,  tip,  nacelle,  nose, 
and  so  on.  Ihe  standardized  definitions  establish^  are  as  follows: 

1.  Main  •>  Any  tank  used  for  take-off  and  landing.  It  may  also 
be  considered  ri^t  or  left  main,  depending  on  the  method  In 
which  the  tankage  is  controlled.  Any  systan  of  tanks  plunbed 
together  with  no  independait  oontrol  of  the  individual  tanks 
should  be  considered  as  a right  or  left  main.  A typical  exaRp3.e 
of  this  type  of  tankage  would  be  an  airplane  in  which  a series 
of  tanks  were  installed  in  the  wings  that  were  inter-connected 
such  that  the  fuel  flows  from  the  outboard  tank  to  the  inboard 
tank  and  from  the  inboard  tank  to  the  engine  through  a fuel 
selector.  If  there  is  ns  individual  control  of  the  outboard 

or  intermediate  tanks,  then  this  systan  of  tanks  is  oonsidaced 
to  be  a main  tank,  either  right  or  left,  depending  upon  which 
wing  Is  being  oonsidered. 

2.  Auxiliary  tank  - Defined  as  any  tank  other  than  a main  taxik  that 
can  be  independently  selected  and  that  will  feed  an  engine  direct' 
ly  through  the  fuel  selector.  If  more  than  one  auxiliary  tank 

Is  installed,  they  should  be  numbered  in  the  primary  sequenoe 
of  use. 
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3.  Tr2ui8fer  tank  - Any  tank  that  serves  a storage  or  transfer 
function  should  be  termed  a transfer  tank.  Further  identic 
fication  of  this  type  of  tank  carries  the  requirement  that  no 
control  can  be  exercised  over  this  tank  other  than  for  trans- 
fer purposes  wherein  fuel  flews  frem  the  transfer  tank  Intx)  one 
of  the  mains  or  auxiliary  tanks  fOr  subeequent  delivery  to  tha 
engine  through  a fuel  selector,  lyplcal  exavqples  of  this  type 
of  tank  are  found  In  sons  oitaller  single  engine  aircraft  with 
a transfer  tank  installed  in  the  baggage  oonpartment  or  other 
convenient  location  from  which  the  fuel  is  subsequently  punnped 
by  a transfer  punp  Into  one  of  the  main  tanks  for  subsequent 
distribution  through  the  selector  valve. 

C;  Fuel  Quantity  indicators 

It  is  believed  that  the  present  industry  ncmenclature  for  fuel 
quantity  indicators  is  adequate  and  no  changes  are  reoennended. 

D.  Fuel  System  Drains 

Fuel  systaan  drains  and  their  nomenclature  ware  reviewed.  It  was 
agreed  that  each  drain  should  >je  clearly  marked  and  that  supple- 
mantal  information,  as  required,  must  Identify  what  is  being  drained 
as  well  os  how  to  operate  that  drain. 

£•  S&peolal  Requirements 

GAMA*  a F\iel  Standardization  Ad  Hoc  Connlttee  also  revicMed  oertaln 
special  requirements  wltii  respect  to  specific  ccnditlons,  on  specific 
rdreraft.  lypical  examples  are  special  unusual  fuel  conditions, 
vgoining  systans  and  so  on.  It  was  agreed  that,  by  their  very  nature, 
these  conations  are  unique  and  no  changes  to  present  practi  es 
are  reoemnended. 

It  is  hoped  that  these  oenments  will  be  of  cussistanoe  to  the  FAA.  If 

we  can  be  of  further  assistance,  please  let  us  knew. 

Sincerely, 

Original  Sl/rnod  By 

Staulle^  J'.  isreen 

Vice  President 
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Source:  SPECIAL  STUDY 

U.S. General  Aviation  Accidents 
Involving  fuel  starvation 
1970-1972 

National  Transportation  Safety  Board 
Washington,  D.C.  20S91 
Report  Number:  NTSB-AAS-74-1 
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RECOMMEMDATIONS 

The  NeClonal  Traneportetlon  Safety  Board  believes  tlut  the  number  of 
U.  S.  General  Aviation  fuel  starvation  accidents  can  be  substantially 
reduced  by  oonstruetively  ehangiog  the  above  conditions.  Accordingly, 
the  Safety  Board  reconnends  that  the  Federal  Aviation  Admlnistretioni 

1.  Issue  an  Advisory  Circular,  which  augments  the  Infonnatlon 
presented  in  Federal  Aviation  Administration  Advisory 
Circular  No.  20-43B  "Aircraft  Fuel  Control,"  (a)  to  alert 
general  aviation  pilots  of  the  primary  difficulties  causing 
fuel  starvation;  and  (b)  to  warn  certificated  flight  in- 
structors of  the  danger  associited  with  simulation  of 
emergency  engine  failure  by  positioning  the  fuel  selector 
valve  to  "off"  or  the  mixture  control  to  "idle  cutoff." 
(Recomnendation  A-74-35) 

2.  Amend  14  CFR  23.1581  so  that  an  approved  Airplane  Flight 
Manual  is  required  for  all  airplanes  regardless  of  weight. 
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thereby  assuring  greater  consistency  and  attention  to 
detail  than  is  currently  available  in  most  owner  manuala 
for  airplanes  which  weigh  less  than  6,000  pounds. 
(Recommendation  A-74>36) 

3.  Promote  awareness  of  fuel  starvation  problems  among  those 
individuals  who  are  beginning  careers  as  student  pilots  by: 

a.  Requiring  a written  test  as  part  of  student  pilot 
flight  requirements  in  14  CFR  61.63,  similar  to 
that  required  for  private  pilots  in  14  CFR  61.87. 

b;  Structuring  written  teats  so  that  an  applicant's  know- 
ledge of  fuel  system  operating  principles  and  factors 
which  cause  fuel  starvation  can  bo  determined. 
(Reconsnendation  A- 74-37) 

4.  Amend  14  CFR  23.777  through  23.781  to  include  apoeiflcatlons 
for  standardlalng  poworplant  control  location,  visual  and 
tactile  appearance,  and  node  of  actuation,  aindlar  to  the 
specifications  for  transport  category  airplanes  appearing 

in  14  CFR  25.777  through  25.781.  (RecoBmendation  A-74-38) 

5.  AiAend  14  CFR  23  to  include  specifications  for  standardising 
fuel  selector  valve  handle  designs,  displays,  and  modes  of 
operation.  (Reeotmnendation  A-74-39) 

In  addition,  the  Safety  Board  recomtonds  that  the  General  Aviation 
Manufacturars  Association  (GAMA)  establish  industry-wide  recommended 
design  practices  for  fuel  systems  of  future  general  aviation  airplanes, 
and  where  practicable  apply  these  same  practices  to  e:<lBting  models 
through  system  modifications.  Application  of  these  practices  to  all  exist- 
ing airplanes  may  be  imposslbla  for  reasons  of  cost  or  physical  constraints; 
however,  the  following  practices  could  be  applied  to  the  design  of  future 
airplenas  at  a minimum  cost:  (Recommendation  A- 74-40) 

a.  Specifications  for  a low  fuel  warning  device  which 
operates  independently  of  the  fuel  gage  system. 

b.  Specifications  for  a water  contamination  warning ' system. 

c.  Specifications  for  more  accurate  type  of  fuel  quantity 
gaging  system. 

d.  Specifications  for  multlplo  fuel  tank  vents  and  nonicing 
tanlt  vents  to  minlmi/^e  the  possibility  of  vent  obstruction, 

e.  Simplification  of  the  fuel  system  through  the  use  of  the 
balanced,  single-tank  design  concept. 
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PHCPOSED  REVISKHS  10  FWR  23.777  THHOOCH  23.78i 


23.777  Oodg>it  oontmla 

(a)  Each  cockpit  control  nuat  be  located  and  (except  where  Ita 
function  is  obvious)  identified  to  provdde  convenient  operation  and 
to  preverit  confusion  and  inadvertent  operation. 

(b)  The  direction  of  movement  of  ood<pi.t  oontrola  nust  meet  the 
requirements  of  23.779.  Vherever  practicable,  the  sense  of  motion 
imrolved  in  the  operation  of  other  controls  must  correspond  to  the 
sense  of  the  effect  of  the  operation  vqpon  the  airplane  or  vqpon  the  part 
operated.  Controls  of  a variable  nature  using  a rotary  raDtion  must 
move  clockwise  frcm  the  off  position,  through  an  increasing  range,  to 
the  fuU^cn  position. 

(c)  The  oontrolB  must  be  located  and  arranged  ao  that  the  pilot, 
when  seated,  has  full  and  unrestricted  noveroent  of  each  control  with- 
cut  interfarenoe  from  either  his  clothing  or  the  oodkpit  structure. 

(d)  Power  plant  oontrola  shall  be  located  on  a pedestal  or  near 
the  centerline  of  the  instrument  panel.  OSie  location  order  frcm  left 
to  ri^t  shall  be  throttle,  propeller  and  mixture  oontrol.  Supplemen- 
tal  ocntrolfi  such  as  auxiliary  air  and  auperchargar  ocntxols  khall  be 
organized  in  accordance  with  the  following  layout: 


QUADC^^NT  MOUNTED 


TMROT-n.l 

TMBOTTUa 

[ 1 

RP(«A 

MtKTURt 

MIXTURI, 

CAne  ucAT 
(ALT  AtW'^ 

MCA')' 

KAL-r 

1 faUPLK  j 
ICHArOtR  1 

OOPCR 

chaptie:^ 

OU ADR, ANT  MOUNTED 

-NO  CARS  MEAT/aLT  AIR 

TMKOTTLa 

THROTTL* 

NUKTURC. 

MirruKe 

SUPER 

SUPER 

CMAPGER 

CPAHOER 

PANEL  MOUNTED 


CARBMEA1 
(UT  AlRl 

rwROTTir 

RPKA 

M'tTUna 

SUPER 

CUARGER 

(d)  Cant'd 


Aircaratt  with  tandon  seatdung  or  single  pLuse  aircaratt  nay  utilize 
oontrol  locations  on  the  left  side  of  the  cabin  ccnpartmant  and 
lucaticn  order  fsan  left  to  right  shall  be  throttle,  propeller  and 
mixture. 

(e)  Identical  powezplant  oontrolB  for  each  engine  must  be 
located  to  prevent  confusion  as  to  the  engines  they  ocntzol. 

(1)  Oonventlcnal  multi-engine  powerplant  controls  ahadl 
be  located  so  that  the  left  hand  con^l  (s)  operates  the 
left  engine  (s)  and  conversely  the  right  hand  control  (s) 
operates  the  right  engine (s) . 

(2)  Cn  tandem  twin  engine  aircraft,  the  left  hand  poMar- 
plant  oontrol  must  operate  the  front  engine  and  the  right 
hand  poMerplant  oontrol  must  operate  the  real'  engini^i. 

(£)  Wing  flap  and  auxiliary  lift  device  oontrols  must  be  located: 

(1)  Centrally,  or  to  the  right  of  the  pedestal  or  powerplant 
throttle  oontrol  centerline;  and 

(2)  Far  enough  away  from  the  landing  gaeu:  oontrol  to  avoid 
confusion. 

(g)  The  landiixi  gear  control  must,  be  located  to  the  left  of  the 
throttle  oenterj  ine  or  pedestal  oenterline. 

(h)  Each  fuel  feed  selector  oontrol  must  be  located  and  arranged 
so  that  the  pilot  can  see  and  reach  it  without  moving  any  seat  or 
primary  flight  oontrol  when  his  seat  is  at  any  position  in  v^ch  It 
can  be  plao^.  In  addition,  the  foUowing  apply: 

(1)  The  indication  of  the  selecLed  fuel  valve  position  nust  be 
by  means  of  a pointer  and  m):st  provide  positive  idantificaticxi 
of  the  selected  position. 

(2)  Ihe  position  indicai ion  pointer  must  constitute  or  be 
located  on  tha^  part  of  the  handle  that  Is  the  mucinun  dimension 
of  the  handle  measured  from  the  center  of  rotation. 
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(h)  Oont'd 

. (3)  If  thB  fuel  valve  gelector  handle  is  also  a fual  abut 
off  selector/  off  poeition  naiking  nuet  be  oolorad  xed. 
If  a BQiarate  amergaricy  shut  off  means  is  provide^/  it  also 
RUSt  be  oolored  red. 

(1)  Oantxol  knobS/  color  and  shape,  nust  be  in  aocondanoe  with 
FAR  23.781. 


23.799  Motion  and  effect  of  oockolt  oontrola 


aodqpit  oontrola  nuat  be  daeigned  so  that  they  operate  in  aooordanoe 
with  the  foUcwing  movenent  ai^  actuation; 

(a) 

(1) 

Aerodynando  oontrola: 
Ppimary 

Controle 

Aileron 

notion  amd  affoot 

Right  (olookwiae)  for 
right  wing  doMn. 

Elevator 

Rearward  for  nose  up. 

Raider 

Right  pedal  forward  for 
nose  right. 

(2) 

SMondary 

Contpole 

Flaps  (or  auxiliazy 
lift  devices) 

Motion  and  offmot 

Foitward  or  ip  foe  flaps  up 
or  auxiliary  device  atoaied; 
rearward  or  dewn  for  flaps 
down  or  auxiliary  device 
daployed. 

Xrin  tabs  (or 
eguivalsnt) 

Afltuata  to  pcoduos  similar 
rotation  of  the  airplane 
about  an  axis  parallel  to  the 
axis  of  the  control. 

(b)  FcMerplant  «nd  auxiliary  cxntruls; 
(1)  Pot)erplant 


Controla 

Throttlae/^Chruat 


Propellers 
Fuel  cxanditicai 
Mixture 

Carburetor  air 
heat  or  alternate 
aii^ 

Supercharger 


(2)  Auxiliopy 

Controla 

Oyt/1  flap  control 
Fuel  selector 


notion  and  effeot 
Forward  to  Increase  forward 
thrust  and  rearward  to  increase 
rearward  thrust. 

Forward  to  increase  rpm. 

Forward  or  unward  for  on. 

Forward  or  uqpward  for  rich. 

Forward  or  upward  for  cold. 
Forward  or  upward  for  low  blower. 


For  turbosuper-ch^ers,  forward^ 
upward  or  clodc-wise  to  increase 
pressure. 


Motion  and  effect 
Rearward  or  down  for  oowl  flap 
open. 

The  operating  motion  of  the  fuel 
valve  selector  handle  must  be  to 
the  right  for  ri^t  hard  tanks » 
to  the  left  for  left  hand  tanks, 
and  to  the  eoctrene  left,  or  aft, 
for  off.  All  other  tank  selections 
must  be  located  between  the  left 
and  right  tank  ^iticns,  exo^ 
a crossfeed  position  cn  individual 
engine  selector  valves  for  nulti- 
erkgine  cdrcraft  must  be  located  to 
the  extreme  right  or  forward. 


Landing  gear 


Down  to  extend. 


23.781 


t aontXDlkncb 


and  cx>lor 


OK^it  oontrol  knolM  mist  ccnfom  to  (iie  ganaral  ahapw  and  ooto 
(but  not  naoassarlly  to  the  exact  sizes  ot  specific  pcoposticne) 
as  ahoMi  iA  the  following  figures: 


ftuACK 


TMROTTLE  CONTROL  KNOB 


^'9 


* RPM  CONTROL  KN 


GREY 


MM 
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U.S.  GENERAL  AVIATION  ACCIDENTS  INVOLVING  FUEL 
STARVATION  1970>1972  NTSB  REPORT  #AAS  74>I  ABBREVIATED 


INTRODUCTION 

Thu  iludy  wai  tnitutsd  by  NTSB  a taiull  of  th«  finding!  of  n 
prnvioui  Naiton«l  TraniporUtlon  S«U(y  Board  iludy  ittUd  “Accidanla 
involving  Enqtno  Falluta/MalfuncMon  U.S.  GaDtial  Aviation  1969* 
1969,"  which  ravaalod  (hat  19.3  pareanl  of  4,310  angina  talluia 
aecidanta  had  huart  cauRad  by  fual  liarvation. 

Tha  obiactlvai  of  thii  itudy  ara:  To  Idantify  fha  moit  fraquont  oavtai 
nf  lual  gtarvation  aecidanii;  to  anamlna  lha  faciort  involvad  in  tboaa 
ciiuita,  and  to  propota  ramadial  action  to  taduca  tha  numbar  of  fual 
Hlaivation  acutdanli. 

BASIS  FOR  STATISTICAL  ANALYSIS 

Tha  ioopa  of  Ihli  itudy  wai  llmilad  to  tha  moat  fraquantly  occurting 
cauiai  ao  that  cauial  araaa  and  aaioclalad  faotora  could  ba  raiaarchad 
thoroughly.  Tha  itudy  eonoaiilratad  on  airplana  makai  and  modala 
moat  luacapllblt  to  fual  itarvaiion  aceidanli  and,  for  ocmpariion,  thoai 
laaai  luicaptibla, 

Fur  putpoiaa  of  Ihli  itudy,  lual  itarvation  U daflnad  ai  tha 
irttariuption,  raduction,  or  complala  tarminaiion  of  lual  flow  to  tha 
angina,  although  ampla  lual  lor  normal  oparahon  ramatn^  aboard  tha 
aircraft. 

Of  tha  99  airplana  makai  and  modala  involvad  in  fual  itarvation 
accldanti  Irom  1970  through  1972,  70  makai  and  modala  aceounlad  for 
only  2?  parcant  cf  tha  raportad  accldanti.  Thaiafota,  to  aava  ttma. 
thoaa  makai  and  modala  which  accountad  lor  laiR  than  0.813  parcant 
ui  tha  baaa  period  lual  itarvation  accldanti  wata  nut  analyiad  luitbar. 
Accordingly,  29  makai  and  rrodali  wara  aalactad  for  atatlatlcal 
avaluatiun 

Of  tha  29  makfiR  and  mudnii  analyrad,  (which  arccuntad  for  63'Vh  of 
tha  accldanti)  lb  won  involvod  in  an  avataga  numbar  ol  iuat 
Niaivalton  accidanti  in  1970  through  1971.  ninn  wara  invulvad  in  a 
highnt  (H  nr  VH)  numbar  ul  lual  starvaltoii  acr'idantH  Inaii  aR|tMiia<l, 
whila  IhrHM  wain  iiivulviKi  lit  «i  luwar  (1.  or  VL)  numbar  Ihaii  naiwrta'l 
TwuaiiplanuR  could  nui  b'*  analyzed  txKrauiia  ol  inBullicienI  flight  hour 
datH 

CAUSES  OF  FUEL  STARVATION  ACCIDENTS 

From  I97U  through  1972,  thnra  woie  126  lual  atarvaiion  acetdanta  in 
which  high  involvamani  group  aitplanaa  wara  involvad  Tha  moat 
lro<}uantly  citad  causpR  of  lual  ntarvation  lor  Ihu  group  ara  FshaiiNtiun 
ul  fual  from  tha  lank  in  uia  whlla  ampla  lual  lor  conlinuad  o|M»ralion 
ramamad  on  iha  aitctaft;  nonadharanra  to  airplana  nparaling 
limilalion!  imponad  by  airwtirthinaaa  diraciivai,  machanical  mal 
functiunn  which  raaultad  in  lual  aiaivalton;  incorract  poaitionmg  of  tha 
lual  aalactor  valva,  and  contamination  ui  Iba  lual  syatam. 

Fium  1970  Ihiougk  1972,  lhai«  wara  66  fual  Elarvation  accidanta  in 
which  low  tnvolvnniaiit  group  airpUnaa  wara  involvad.  Tha  moat 
traquantly  cilad  cauRaa  fur  lual  Rtarvaiion  nccidanti  for  thiR  group  ata; 
Contamination  of  tha  lual  ayatam,  impngrar  uaa  of  powarplant  rontrola; 
matiucitonal  aimulalion  ol  in  flight  powat  loaa,  incorract  poaitioning  ol 
lha  lual  aalactor  valva  and  machanical  maUuncliuna  which  raauliad  m 
lual  aiarvalion 

Two  ul  lha  liva  moat  Iraguanlly  cilad  cauawH  fur  lha  high  and  fuw 
mvulvamant  gruupa  appaarad  in  about  lha  aama  paicantaga  fur  aach 
■ group  Thaaa  cauaaa  wara  Machanical  malfunciiona  and  incutraci 
puMlKjning  ul  lha  fua)  aalactor  valva 

A taviaw  ravaalarl  that  moat  inatancaa  of  incuriaci  lual  aalactor  valva 
imaltuning  raiullad  bacauia  lha  pilot  wai  cunfuiad  about  tha  muda  of 
valvn  oiwiabun,  valva  hanilla  diMiqn,  or  lual  aalartnr  lank  display 


Many  pilots  poailt  inad  fual  •afactoi  valva  bandJaa  to  lha  ‘'olf“  poatllon 
or  to  an  amply  lank,  whlla  undar  lha  impraaston  that  thay  had  aalactad 
a tank  which  con  ilnad  fual.  All  thaaa  cauaas  involva  opaiattoBil 
ptneaduraa  and  laclmlquai  amployad  by  pilots. 

Two  ol  tha  10  cai  aaa  citad  fur  high  involvamani  group  aliplanaa 
acoouniad  tor  92  parcont  of  tha  hia)  atarvation  acctdatila.  Thaaa  cauaaa 
wf»r«  Rahaustion  of  lual  Iron  a lank  m uaa  ahlla  ampla  fual  for 
continuad  oparallon  ramatnad  aboard  lha  aircraft,  and  aoncompflaaca 
with  opatalinq  Umilaliona  impoaad  by  airworthinaaa  dlracltvaa.  For  lha 
low  involvamani  group  airplanaa,  thraa  of  nlna  cilad  cauaaa  accountad 
lor  63  parcant  of  tha  lual  itarvation  acetdanta  Thaaa  cauaaa  wara;  Fual 
svNtam  contamination,  tmpropat  uaa  ol  powarplant  controls,  and 


THE  DATES  OF  THE  FUQHT  INSTRUCTOR  REFRESHER 
COURSE  AT  CHAMPAIGN,  ILUNOIO,  HAVE  BEEN  CHANGED 
rO  AUGUST  14  16,  1976  (Saturday,  Sunday  and  Monday). 
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InftiuclloBAl  iinulation  oi  ia  (light  powar  Iru.  Tha  main  raaton  ttaiad 
in  accidant  rapoita  loi  th«  problama  paculiar  to  aach  group  warn: 

High  Group 

For  aBhauitioB  ol  iual  (rom  a tank  in  um: 

(1)  allowing  iual  to  bacoina  aihauaiad  waa  normal  procaduia 
racommaudad  in  ownar  manuala  oi  aona  aircraH: 

(2]  pilots  (orgol  to  fwltek  tanka  balora  aihauation  of  (ual  (rom 
lha  tank  in  uaa; 

(.'t]  angina  waa  not  rastartad  in  luillclanl  tima  to  pravant  an 
accidant. 

For  lack  of  compllanca  with  Iual  lyilam  nparaltonal  limllatioos 
imposad  on  cartain  alrcralt  by  alrworthtnau  dttacttva: 

(1)  pilots  did  not  lully  comprahand  tha  AD  raguiramants; 

(2)  thay  simply  ignorad  tham. 

1.0W  Group 

For  Impropar  ust  ol  powarpiant  corttrols:  Tha  pilot  uaad  tha  mu 
tuta  control  whan  ha  inlandad  (o  apply  catbutalor  haat. 

For  iual  lyitam  contsmination: 

(1]  watar  wss  not  proparly  drslnad  from  tha  iual  systam, 

(2)  ioraign  nblacUi  abtiruclad  Iual  tank  vant  linaa. 

For  inilructional  simulation  oi  in  flight  powar  loss:  Tha  inslruclur 
attamptad  a powar  loss  lim  ilslion,  as  a last  (or  a studanl  pilot, 
by  turning  tha  salacioi  valva  "oU",  or  plaeing  lha  muiura 
control  In  tha  "Idla  cutoii”  paatiion  (Ihraa  oi  thaaa  simulaiad 
amarganclai  wata  initlulad  si  lass  than  1,200  (aat  above  lha 
ground). 

Only  uno  multi  angina  ganaral  avtatloii  aiipUna,  tha  Baauh  9!).  was 
Involved  In  a inota-thaii  avaraga  nunibar  oi  Iual  starvation  accidents 
during  the  1970  1972  period.  Four  ol  tha  live  fuel  slarvatlon  accidants 
in  which  this  multt  angina  airplane  war  tnvclvad  ware  attributed 
dlractly  to  a violation  ol  racommandad  oparattng  Umilallonc  imposed 
b'i  an  alrworthtnau  directive.  Thu  diracttva  required  lakaull  uit  main 
tanks  uiiiy  and  prohibited  turning  takgolli  or  lAkoolls  immadinlelv 
lollowing  last  taai  turns. 

POTENTIAL  SOURCES  OF 
OPERATIONAL  DIFFICULTIES 

Mast  Iual  starvation  accidattls  reviewed  involved  opeitillonal  pio 
blaiiiD  which  Indicated  a need  lo  avaluala  retlatri  iiilluenlial  iaclur.i 
aisoctstad  with  oporalinnal  techniques.  Accident  case  research 
indi^atad  that  operational  tachniquaN  involvmq  surh  laclors  sk 
awaranais  and  understanding  ol  proper  fuel  management  rould  he 
tniiuancad  signilicantly  by  iniorniilion  provided  in  airplane  owiiei 
manuals  and  by  iuel  system  components  which  may  induce  uperatiunal 
arroii 

Fual  Moaogamaiit  Inalructtoni 

A ravlaw  ol  tha  iual  msnagamant  inlurmaliun  loi  selected  airplanes 
indicated  thal  the  ulder  owners  manuals  contained  less  fuel 
maitagamant  inicnmalion  than  more  recent  manuaU  Althmi  |ii  ttmniii'i 
one  tank  dry  before  switching  tn  another  tank  was  once  an  acireplnd 
practice,  most  manulactureis  no  longer  recomittond  it  In  the 

most  rec  ently  published  Beech  manuals  consider  engine  fadiiri*  i auseri 
by  insuHlctent  iuel  an  emergency  and  list  in  llight  oiHiimt  start 
procedure  as  an  amarqancy  prucedura. 

Fuel  Drglnlng  laatructlona 

Fuel  system  conlammaltun  was  responsible  for  2b  imtcent  oi 
low-involvemeni  group  iuel  itarvalmn  accidents  and  9 percent  ul  high 
involvement  group  iual  slervatlon  acctdeiits  Water  in  the  fuel  and 
Inreigii  object  obstruction  ol  iuel  lank  vents  were  the  primary 
conteminettan  difiiculliet  which  caused  an  inveshgation  ul  Iuel  system 
diaining  procedures  end  pie  llight  checkltit  procedures  m owner 
manuals  oi  high  and  law-krvolvemsnt  group  airplanes 

Obviously,  some  ownar  manuals  lor  airplanes  in  both  the  high  and 
low  involvemenl  groups  ware  mote  eiplicit  about  tuel  system  draining 
procedures  th.*  were  others.  Procedures  insuilklently  detailed  could 
result  in  incomplete  draining  operatiuiti;  lor  esampla,  instructing  a 
pilot  unly  to  open  a quick  drain  sump  in  a fuel  sliaiiier  m selectni 
to  purge  waiai  or  sedimeni  itum  the  system  may  nut  alert  the  u|teiatui 
to  the  absolute  necessity  ol  purging  all  iual  lines  and  lank  sumps  in  the 
proper  aequence  to  assure  the  ellmMialion  ol  all  runlaminanis 

CrrerdnduelBn  Clementa  el  the  Fuel  System 

The  high  mvolvamant  group  airplanes  atpetienced  dillicullv  with 
Iuel  eahaustion  Itom  a tank  in  use  while  ample  luol  lin  nurmal 
opeiallon  remained  onboard  Both  high  and  low  invirlvemenl  groups 
flspeiienred  accidents  which  resulted  Irum  niis|iuHilitinini|  the  iuel 


selerior  valve.  Improper  use  ol  engine  controls  and  iuel  contaminaltun 
was#  tioublesoma  Icr  piloli  of  low-tnvolvement  group  aitplanti.  As  a 
result  oi  these  findings,  tank  switching  requirements,  fuel  system 
purging  featurei,  and  powarpiant  control  configuration  vrete  re- 
searched to  find  poasible  error-inducing  sources  within  the  fuel  system. 

Virtually  all  tank  switching  problsms  involved  the  iuel  lelector 
valve.  Although  Iuel  selector  mlapoittioning  was  an  operational  arroi, 
the  degree  to  which  selector  hendls  design,  selector  urienlation, 
location,  and  tank  display  tnlluanced  selector  operation  was  of  intarast 
Thaailanl  to  which  pilot  error  was  induced  by  fuel  selector  design  was 
documented  ii»  NTSB  Report  PB  17S620.  "Aircrait  Design  Induced  Pilot 
Error/'  dated  July  1967.  Accident  reports  from  1970  through  1972 
period  indicate  that  selector  design  alill  conlusei  operators  and 
Induces  tank  selection  errors. 

The  miluence  oi  lattk  switching  rsqulrsments  as  a iactor  m lusi 
starvation  accidents  was  illustrated  by  the  Cessna  ISO  accideni 
•tatistici  ThlK  airplana  ii  aqulppad  with  a two-poMltlon  (ON  or  OFF) 
iuel  shuloil  VAlve,  Instead  oi  a multi-position  iuel  seleclor  valve  lu  lank 
salection  is  nut  nectisary.  Although  the  Caisna  ISO  had  accumulated 
the  largest  airplane  hour  total  in  1970  through  1972,  il  was  involved  in 
only  38  tuel  siarvation  accidents  in  1970  through  1972  Ol  these  only 
one  wan  caused  by  impruper  poriiliDning  oi  the  Iuel  valvn  and  one  by 
fuel  eshaualiun. 

HowerplanI  Controls 

The  use  oi  an  incorterl  engine  control  ac(‘ounled  lor  22  percent  ol 
all  rauses  cited  lot  iow-invoivemenl  group  fuel  itatvation  accidants 
itom  19VU  throuoh  1972.  Only  2 percent  of  the  high  involvement 
group's  causes  involved  incotreci  use  ol  engine  ennItoU  Inadvertent 
use  o*  the  mislurv  conliol,  when  ths  pilot  thought  he  was  using  the 
L'arbuietor  heat  conlrol,  accouniud  lor  most  o|  the  causos  cilod  br 
low-mvolvemtnl  qroup  <-itplanei  The  placement  ol  lha  engine  cunliols 
br  low  involvemenl  group  airplanes  has  vaiiod  through  the  years 
Early  models  were  coniigiired  sn  lhat  carburetor  htai.  throttle,  and 
rniKturu  cunltoU  were  luslaposnd  huiitoiitally  with  lilllo  vatiation  tn 
knob  shape,  mte,  or  color  between  the  csibutelur  heal  and  itiisiure 
cotilrols.  Cciilrol  knob  itsa,  shape,  and  color  has  been  varied  in 
recent  models  ol  these  airplanes.  Fr^'m  1970  through  1972,  the  Beech 
3S  was  not  involved  in  a ilaivalion  accident  caused  by  impropvr  use  ol 
«ni|ine  cuniroli  The  mistuie  control  in  Iht  Beech  i8  is  iNulaleu 
siilhctenlly  itom  other  powarpiant  uontruli  so  ihai  piUits  did  not 
cutduse  them.  Protimity  oi  conitols  ol  a similar  siae  and  shape,  which 
porbrni  entirely  d'H«»tenl  liinrhons.  was  L-unsiilMted  ah  a posHible 
source  ol  error  inducHmetP  iti  accidents  which  riivulvud  Ihri  unu  ot  the 
wrung  cunliul  To  mitumitn  mco'tect  coiilro)  operation,  the  Fudeia) 
Avtation  Regulations  (14  CFH  2S.777  through  29  781)  speedy  iiandardN 
of  pijweiplonl  control  location,  knob  shape  and  minle  nl  acluaiiun  bt 
transport  category  airplanes,  however,  eicept  br  Ihmllln  actiialnm 
regulations,  similar  powerplanl  cuiiirul  specdicalions  du  nth  csihI  IoI 
tiuimnl,  utility,  and  acrolHitic  category  aiirilane.s  whit.h  i tmipiiKi*  the 
largest  segment  ol  the  general  nvi.ilion  llebi 

Manuloeturere*  Viewpoint  Reqardiny  Error  Inducement 

Thien  ma)ut  gmieiitl  aviation  airplane  manulat  tiireis,  wiii>  deal  with 
multi  bceted  Iuel  system  desnin  probleniH,  were  invitod  Iti  drsi  uh>^  the 
elements  ol  the  Iuel  system  which  air*  regarded  as  |K>lenti,il  soun  es  id 
operational  problems  The  ddiicullirts  asancnileil  with  lank  lion 

rirt)uuemetils.  Inel  eshauslioti  liom  a lank  in  use,  Iuel  cuiitaniinatiun, 
and  adeguacy  ol  owner  manual  prrxodures  were  discusssed. 

Tonk  Setecllon  Requirements 

The  mantdaclurtitK  agiend  that  a balaticiKi  Nitigle  lank  luul  syuleta 
(whole  iidetcun needed  cells  act  as  a single  lank  to  supply  Iuel  to  the 
iingme  through  a shutuli  valve  instead  ul  through  a Iuel  MultH;loi  valve) 
would  Bimpliiy  Iuel  management  prucudures 

ExhQutlion  el  a Tonk 

Manulactuiers  were  gieatly  concerned  about  the  apparent  lack  <d 
altenltuii  to  fuel  supply  which  is  apparent  itom  the  number  ul 
aendenia  laiulting  Irum  the  eihaunlion  tii  a tAiik  while  ample  Iuel 
remained  nn  board  the  airrrnlt 

Pilm  Aworonnst 

While  manuiarturers  espiessetl  the  general  opinion  lhat  iuel  syslein 
desH]n  improvements  and  upeiational  picK-edute  improvements  could 
diminish  liinl  Hiatvalion  problems,  they  slrosserl  the  im^Mitlanrn  crl  pdoP 
awareness  with  legrtd  to  ptotrer  Iuel  system  mainlenancu  and 
o|wration  and  the  fundamental  sources  ol  Iuel  starvation 

CONCLUSIONS 

The  message  which  evolves  Irom  tlw  CMMfe  ot  fuel  starvAtio-r 
4<-«idenli  IS  vtuy  clear  thorough  prellight  luvl  iyiteni  ins|H>f.'tion  and 
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dfAiAing.  eomplit«  i«miU*tily  wlih  powMplAtil  conlrol  uonligur*hon 
ind  np«uUon,  und  «Utntw*n«it  lo  lu^l  tupply  At*  aU  AlMolut*ly 
•ti*nti«)  1o  i4(*  AirptAn*  optrAlion. 

WhAr*A»  riAAfly  67  p*rQ*nt  of  Ih*  lual  •Urv4Uon  Aoctdftnli  in  Ihii 
iludy  w*tA  iltrlbuicd  la  opaf4lion«i  probl*m*.  Ih*i*  probl*mi  tr*  nol 
|tod*p*ndAnt  of  ih«  Uclatn  which  mflu*nc*d  or  CAUMd  thnni, 
PhAfAlotA,  l■m•dMl  «citon  mutt  b*  dit*clAd  At  th*  ptimAiy  Uetori 
which  inlluanca  lu*i  lyilAm  opotAtlon.  ThoM  lACtoit  At*  *•  lollowi; 

ptyijrijAMociAitd  fictota 

Ownar  manuAli  which  oltan  Uck  daUilod  iniormAlion  on  IuaI 
mAnigamant  and  lual  lyilam  purging  opatAlieni. 

FuaI  tyilami  which  itguii*  lank  twitching  in  otd*t  lo  mAnag* 
(h*  iutl  lupply  prapAfly. 

Fual  lalactor  valvai  with  handla  dtaign.  mod*  oi  oparalton,  or 
t«nk  dliptay  which  may  ba  conduciv*  to  mlipoilUoning. 
Plaeamoni  oi  angina  conItoU  and  iimlUrity  ol  appa*t*nca  which 
may  ba  conduciva  to  improptr  uaa. 

PlIol  Atiocialad  Faclori 

IriiUuclicriat  lachntquai  ioi  amargtncy  aimulAhen  by  dklibaiala 
(ual  ttarvalion  at  low  alutuda. 

Lack  ol  knowladqa  or  crnc*rn  for  good  tua)  managamanl  pio> 
cadurti  and  tachniguaii.  including  lha  naad  ior  thorough  pia* 
lliuht  lual  lyaUm  inkpactioii  and  purging 
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